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INTRODUCTION 


This  is  a  book  which  is  stilt  in  transition. 

As  the  second  volume  in  a  two-volume  set#  the  purpose  of  this  book  is  to  describe 
some  real  products  which  implement  the  general  concepts  covered  in  Volume  I. 

The  problem  is  that  we  could  describe  some  real  products  in  many  ways  —  and  at 
many  levels. 

Since  writing  the  first  edition  of  "An  Introduction  To  Microcomputers",  we  have 
come  to  the  conclusion  that  what  is  really  needed  is  a  comprehensive  and  detailed 
description  of  all  microcomputer  LSI  devices.  These  descriptions  must  stand 
alone;  the  reader  must  not  be  referred  to  vendor  literature  for  any  additional  infor- 
mation. But  meeting  this  goal  is  a  very  substantial  undertaking.  In  trie  end,  we  will 
produce  a  universal  LSI  microcomputer  device  reference  handbook.  Rather  than 
wait  the  year  or  two  it  would  take  to  generate  the  desired  end  product,  we  have 
elected  to  achieve  our  goal  one  step  at  a  time. 

This  book  represents  Step  2  towards  our  ultimate  goal.  Step  2L  is  not  as  big  as  it 
should  have  been,  but  the  first  edition  of  Volume  II  sold  more  rapidly  than  antici- 
pated, allowing  little  time  for  production  of  this  new  book. 

In  this  book  devices  of  the  8080A,  8085,  8048,  MC6800,  280,  9440,  MCS6500, 
PACE  and  SC/MP  microcomputers  are  described  in  approximately  the  detail  we 
believe  to  be  necessary.  Other  devices  are  described  at  a  more  superficial  level, 
and  refer  you  to  vendor  literature  for  complete  information. 

These  are  the  additions  that  have  been  made  to  this  revision  of  Volume  II: 

1)  New  chapters  have  been  added  describing  the  8085  and  the  8048  products.  The 
8085  is  Intel's  8080A  enhancement,  while  the  8048  is  Inters  new  one-chip 
microcomputer-  These  products  are  described  completely. 

2)  A  brief  discussion  of  the  new  Hewlett  Packard  MC2  microprocessor  is  given.  This 
microprocessor  is  unlikely  to  be  sold  as  a  chip  in  the  foreseeable  future  —  a  fact 
which  is  reflected  in  the  level  of  the  product  description  provided. 

3)  Descriptions  of  the  National  Semiconductor  PACE  and  SC/MP,  plus  the  Fairchild 
9440,  have  been  expanded  to  provide  what  we  believe  is  total,  stand  alone  docu- 
mentation. 

4)  The  8080A  coverage  has  been  expanded  to  clearly  identify  incompatibilities  in  sec- 
ond source  products.  Two  serial  I/O  devices  manufactured  by  NEC  have  been  ad- 
ded, 

5)  Minor  product  enhancements  have  been  identified  for  the  F8  and  MC6800  product 

lines. 

6)  The  new  Z80  CTC  and  Z80  DMA  devices  are  described  in  detail  in  the  Z80  chapter. 

7)  We  have  described  how  support  devices  of  one  microprocessor  can  be  used  with 
another  microprocessor. 
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Two  products  have  been  removed  from  the  first  revision  of  Volume  II.  The 
EA9002  from  Electronic  Arrays  has  been  withdrawn  by  the  manufacturer.  The 
PPS-8  from  Rockwell  is  now  selling  in  such  low  volume  that  the  product  is  being 
manufactured  by  Rockwell  only  to  fill  a  small  number  of  existing  orders.  Chapters 
describing  the  EA9002  and  the  PPS-8  have  therefore  been  eliminated. 

Note  that  this  book  does  not  include  detailed  programming  descriptions  for  any 
microcomputer.  Instruction  set  summaries  are  given  and  that  is  all.  Two  additional 
series  of  books  are  devoted  strictly  to  programming.  The  first  is  a  "Programming 
For  Logic  Design"  series  aimed  specifically  at  microprocessors  being  used  in  a 
digital  logic  environment  —  where  programming  is  a  simple  alternative  for  com- 
binatorial logic.  The  second  is  a  more  traditional  "Assembly  Language  Program- 
ming" series  that  treats  microcomputers  like  small  general  purpose  computers  — 
and  pays  no  special  attention  to  digital  logic  applications.  These  three  books  are 
currently  available  in  the  "Programming  for  Logic  Design"  series: 

1)  8080  Programming  For  Logic  Design 

2)  6800  Programming  For  Logic  Design 

3)  Z80  Programming  For  Logic  Design 

Planned  for  release  in  1977  are  Cosmac  and  8048  Programming  For  Logic  Design 
books. 

In  the  traditional  "Assembly  Language  Programming"  series,  "8080/8085  As- 
sembly Language  Programming"  is  currently  available,  while  "6800  Assembly 
Language  Programming"  and  "Z80  Assembly  Language  Programming"  are  plan- 
ned for  release  in  1977. 

We  continue  to  request  that  you,  the  reader,  send  comments  regarding  what 
should  be  included  in  future  revisions  of  this  book.  In  particular,  we  would  ap- 
preciate guidance  from  you  as  to  whether  Chapters  4,  5,  6,  7,  8  and  9  adequately 
describe  the  subject  matter  —  and  if  not,  why  not. 

Regarding  this  book,  some  conventions  need  to  be  defined. 

Signals  may  be  active  high,  active  low  or  active  in  two  states.  An  active  high  sig- 
nal is  one  which,  in  the  high  state,  causes  events  to  occur,  while  in  the  low  state 
has  no  significance.  A  signal  that  is  active  low  causes  events  to  occur  when  in  the 
low  state,  but  has  no  significance  in  the  high  state.  A  signal  that  has  two  active 
states  wilt  cause  two  different  types  of  events  to  occur,  depending  upon  whether 
the  signal  is  high  or  low;  this  signal  has  no  inactive  state,  Within  this  book  a  signal 
that  is  active  low  has  a  bar  placed  over  the  signal  name.  For  example,  WR  iden- 
tifies a  "write  strobe"  signal  which  is  pulsed  low  when  data  is  ready  for  external 
logic  to  receive.  A  signal  that  is  active  high,  or  has  two  active  states,  has  no  bar 
over  the  signal  name. 

Every  microcomputer  instruction  set  is  described  with  two  tables.  One  table  iden- 
tifies the  operations  which  occur  when  the  instruction  set  is  executed,  while  the 
second  table  defines  object  codes  and  instruction  times. 

Because  of  the  wide  differences  that  exist  between  one  instruction  set  and 
another,  we  have  elected  not  to  use  a  single  set  of  codes  and  symbols  to  describe 
the  operations  for  all  instructions,  in  all  instruction  sets.  We  believe  any  type  of 
universal  convention  is  likely  to  confuse  rather  than  clarify;  therefore  each  in- 
struction set  table  is  preceded  by  a  list  of  symbols  as  used  within  that  table  alone. 

A  short  benchmark  program  is  given  to  illustrate  each  instruction  set.  Some  com- 
ments regarding  benchmark  programs  in  general  are,  however,  in  order.  We  are 
not  attempting  to  highlight  strengths  or  weaknesses  of  different  devices,  nor 
does  this  book  make  any  attempt  at  comparative  analyses,  since  the  criteria 
which  make  one  microcomputer  better  than  another  are  simply  too  dependent  on 
the  application. 
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COMPARATIVE 
ANALYSIS 


Consider  an  application  which  requires  relatively  high  speed  pro- 
cessing The  only  important  criterion  will  be  program  execution 
speed,  which  may  limit  the  choice  to  just  one  of  the  microcom- 
puters we  are  describing 

Execution  speeds  of  all  of  the  microcomputers  may,  on  the  other  hand,  be  quite  adequ- 
ate for  a  second  application;  in  this  case,  price  may  be  the  only  overriding  factor. 

In  a  third  application,  a  manufacturer  may  have  already  invested  in  a  great  deal  of 
engineering  development  expense,  using  one  particular  microcomputer  that  was 
available  in  quantity  earlier  than  any  others;  the  advantages  or  disadvantages  of  using 
a  different  microcomputer,  based  on  minor  cost  of  performance  advantages,  will  likely 
be  overwhelmed  by  the  extra  expense  and  time  delays  involved  with  switching  in  mid- 
stream 

In  Chapter  21  we  will  look  at  a  logical  procedure  for  determining  which  is  the  right 
microcomputer  for  a  new  application,  taking  into  account  the  various  factors  that 
could  influence  an  as  yet  unmade  decision. 

And  what  about  benchmark  programs? 


BENCHMARK 
PROGRAMS 


The/e  have  been  a  number  of  benchmark  programs  in  the 

literature,  purporting  to  show  the  strengths  or  weaknesses  of 

one  microcomputer  versus  another;  individual  manufacturers  have  added  to  the 

confusion  by  putting  out  their  own  competing  benchmarks,  aimed  at  showing 

their  product  to  be  superior  to  an  immediate  rival. 

Benchmark  programs  are  misleading,  irrelevant  and  worthless  for  these  reasons: 

1)  In  a  majority  of  microcomputer  applications,  program  execution  speed,  and 
minor  variations  in  program  length,  are  simply  overwhelmed  by  pricing  con- 
siderations. 

2)  Even  assuming  that  for  some  specific  application,  program  length  and  execu- 
tion speed  are  important,  trivial  changes  in  the  benchmark  program  definition 
can  profoundly  alter  the  results  that  are  obtained.  This  is  one  point  we  will 
demonstrate  in  this  book,  while  describing  individual  instruction  sets. 

3}  Benchmark  programs  are  invariably  written  by  the  smartest  programmers  in 
an  organization,  and  they  take  an  enormous  amount  of  time  to  ensure  pro- 
gramming accuracy  and  excellence.  This  is  not  the  level  at  which  any  user 
should  anticipate  "run  of  the  mill"  programmers  working;  indeed,  a  far  more 
realistic  evaluation  of  a  microcomputer's  instruction  set  could  be  generated 
by  giving  an  average  programmer  too  little  time  in  which  to  implement  an  in- 
completely defined  benchmark.  This  will  more  closely  approximate  the  work- 
ing conditions  under  which  real  products  are  developed.  Of  course,  defining 
the  "average  programmer",  "too  little  time"  and  an  "incomplete  specifica- 
tion" are  all  sufficiently  subjective  that  they  defy  resolution. 
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We  will  demonstrate  the  capriciousness  of  benchmark  programs  via  the  following 
benchmark  program: 

Raw  data  has  been  input  to  a  general  purpose  input  buffer,  beginning  at  IOBUF. 
This  raw  data  is  to  be  moved  to  a  permanent  table,  which  may  be  partially  filled: 
the  raw  data  is  to  be  stored  in  the  data  table  starting  with  the  first  unfilled  byte. 
The  benchmark  may  be  illustrated  as  follows: 


HOW  THIS  BOOK  HAS  BEEN  PRINTED 

Notice  that  text  in  this  book  has  been  printed  in  boldface  type  and  lightface  type. 
This  has  been  done  to  help  you  skip  those  parts  of  the  book  that  cover  subject 
matter  with  which  you  are  familiar.  You  can  be  sure  that  lightface  type  only  ex- 
pands on  information  presented  in  the  previous  boldface  type.  Therefore,  only  read 
boldface  type  until  you  reach  a  subject  about  which  you  want  to  know  more,  at  which 
point  start  reading  the  lightface  type 
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Chapter  1 

4-BIT  MICROPROCESSORS 

AND 

THE  TMS1 000  SERIES 

MICROCOMPUTERS 

The  earliest  microprocessors  were  all  4-bit  devices;  that  is  to  say,  data  was  operated  on 
in  4-bit  units,  frequently  referred  to  as  "nibbles".  Early  microprocessors  were  4-bit 
devices  simply  because  the  concept  of  an  LSI  CPU  was  ambitious  enough;  start- 
ing with  an  8-bit  CPU  would  have  been  foolhardy. 

But  LSI  technology  has  advanced  so  rapidly  that  there  is  an  inconsequential  difference 
between  the  cost  of  manufacturing  an  8-bit  CPU  chip  as  against  a  4-bit  chip.  Manufac- 
turers attempted  to  maintain  an  artificial  price  differential  between  their  4-bit  and  8~bit 
CPUs  in  order  to  prolong  the  life  of  the  4-bit  product;  but  the  pressure  of  competition 
has  all  but  extinguished  these  price  differentials  — with  the  result  that  the  4~bit 
microprocessor  is  a  dying  product  Price  is  the  only  advantage  that  4-bit 
microprocessors  offer  when  compared  to  the  more  capable  8-bit  microprocessor 

Early  4-bit  microcomputers  included  such  devices  as  the  Intel  4004  and  4040  and  the 
National  Semiconductor  IMP-4.  These  early  4-bit  microcomputers  require  package 
counts  that  exceed  typical  8-bit  microcomputers  that  are  now  available;  therefore  the 
economics  of  today  dictate  that  the  Intel  4004,  the  Intel  4040  and  the  IMP-4  offer 
less  capability  for  more  money.  Only  the  most  unusual  application  could  be  more  eco- 
nomically implemented  using  one  of  these  three  4-bit  microcomputers,  rather  than  a 
simple  8-bit  device  such  as  the  F8,  COSMAC.SC/MP.  or  one  of  the  28-pin  MCS6500 
series  CPUs.  We  consider  the  Intel  4004,  the  Intel  4040  and  the  IMP-4  to  be  ob- 
solete devices;  therefore  they  are  not  described. 

It  is  interesting  to  note  that  even  though  these  three  4-bit  microcomputers  are  obsolete, 
they  will  continue  to  have  a  significant  market  for  many  years  to  come,  based  on  pro- 
ducts that  were  designed  around  them  before  they  became  obsolete.  The  fact  that  they 
are  obsolete  simply  means  that  were  you  to  design  a  new  product  today,  you  would  be 
better  off  using  one  of  the  simple  8-bit  microcomputers.  That  does  not  mean  it  would 
be  economical  to  redesign  a  product  that  already  exists,  simply  to  take  advantage  of 
more  recent  microcomputer  developments.  The  cost  of  re-engineering  around  a  new 
microcomputer  will  likely  overwhelm  any  savings  that  may  accrue. 

The  TMS1000  series  microcomputer  devices,  manufactured  by  Texas  Instru- 
ments, are  still  economically  very  viable  —  even  though  they  are  4-bit  devices. 
This  is  because  the  TMS1000  is  a  one-chip  microcomputer.  ROM  RAM  CPU  and 
I/O  logic  are  all  provided  within  a  single  package.  Only  Fairchild  offers  an 
equivalent,  single  chip  8-bit  microcomputer;  and  it  is  only  just  becoming  available 
in  limited  quantities.  The  low  cost  associated  with  the  single  chip  TMS1000 
microcomputer  package  makes  this  the  product  of  choice  for  a  large  number  of 
simple  applications  that  can  be  accommodated  within  the  logical  confines  of  the 
TMS1000. 
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(n  reality,  the  TMS1000  is  a  family  of  six  4-bit  microcomputers  whose  differences 
are  summarized  in  Table  1-1.  The  various  microcomputers  are  sufficiently  similar 
for  us  to  describe  them  together. 

Table  1-1.  TMS 1000  Series  Microcomputer  Summary 


TMS 

TMS 

TMS 

TMS 

TMS 

TMS 

1000 

1200 

1070 

1270 

1100 

1300 

Package  Pin  Count 

28 

40 

28 

40 

28 

40      . 

ROM  Program  Bytes* 

1024 

1024 

1024 

1024 

2048 

2048 

RAM  Data  Nibbles** 

64 

64 

64 

64 

128 

128 

R  Signal  Outputs 

11 

13 

11 

13 

11 

16 

0  Data  Outputs 

8 

8 

8 

10 

8 

8 

Maximum  Rated  Voltage 

20 

20 

35 

35. 

20 

20 

Typical  Power  Dissipation- 

15V/ 

15V/ 

15V/ 

15V/ 

15V/ 

15V/ 

90mW 

90mW 

90mW 

90mW 

90mW 

90mW 

*A  Byte  is  eight  bits 

**A  Nibble  is  four  bits 

Figure  1  -1  illustrates  that  part  of  our  general  microcomputer  system  logic  which  is 
implemented  by  the  TMS1000  series  microcomputers.  This  figure  is  deceptive 
since  it  would  be  hard  to  compare  the  primitive  I/O  capabilities  of  the  TMS  1000 
with  a  device  such  as  the  8255  Programmable  Peripheral  Interface  device,  which 
is  described  in  Chapter  4.  Nevertheless,  Figure  1-1  does  indicate  the  logic  which 
is  provided  by  a  TMS1000  series  microcomputer,  albeit  in  a  primitive  form. 

The  fact  that  the  TMS1000  series  microcomputers  are  single  chip  devices  has  a 
number  of  secondary,  nonobvious  implications.  Most  important  of  all,  there  are  no  such 
things  as  support  devices.  The  1024  or  2048  bytes  of  ROM  represent  the  exact  amount  of  pro- 
gram memory  which  will  be  present,  there  can  be  neither  more  nor  less.  Similarly,  the  64  or  128 
nibbles  of  RAM  cannot  be  expanded  Direct  memory  access  logic  is  not  present  —  and  its  pre- 
sence would  make  very  little  sense  anyway,  with  the  small  total  ROM  and  RAM  memory  availa- 
ble, there  simply  is  not  the  opportunity  to  transfer  blocks  of  data  long  enough  tp  warrant  bypass- 
ing the  CPU 

Interrupts,  similarly,  would  be  of  marginal  value  to  a  TMS  1000  microcomputer.  Given  the  small 
amount  of  program  memory  available  and  the  very  low  cost  of  the  package,  it  would  be  hard  to 
justify  the  complexities  of  interrupt  logic,  simply  to  have  the  microcomputer  perform  more  than 
one  task 

All  devices  of  the  TMS  1000  microcomputer  family  are  implemented  using  PMOS  technology, 

A  single  -15V  power  supply  is  required 

The  fastest  clock  frequency  which  can  drive  a  TMS  1000  series  microcomputer  has  a  2  5  microse- 
cond cycle  time.  All  instructions  execute  in  six  clock  cycles,  or  15  microseconds;  but  beware  of 
making  direct  execution  speed  comparisons  between  the  TMS1000  and  the  8-bit  microcom- 
puters which  are  described  next  A  TMS  1000  program  will  usually  be  considerably  longer  than 
the  8-bit  microcomputer  equivalent  because  the  TMS1000  instruction  set  is  more  primitive;  but 
this  is  not  always  true  It  is  possible  for  the  TMS  1000  instruction  set  to  equal  or  surpass  many  8- 
bit  microprocessors,  in  terms  of  .instruction  efficiency,  for  certain  control  applications 

The  manufacturer  of  the  TMS1000  is 

TEXAS  INSTRUMENTS,  INC 
-P.O.  Box  1443 

Houston,  Texas- 77001 
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TMS1 000  PROGRAMMABLE  REGISTERS 

TMS1000  programmable  registers  may  be  illustrated  as  follows: 

j  I     4-bit  Accumulator 


2-  or  3-bit  X  register 
4- bit  Y  register 


6-  or  7-bit  Data  Counter: 


"D 


6-bit  Program  Counter  ., 

4-bit  Page  register 

1-bit  Chapter  flag  (optional) 


10-  or  1 1  -bit  Program  Counter 


6-bit  Subroutine  Return  register 
4-bit  Page  Buffer,  register 


Apart  from  being  only  four  bits  wide,  the  Accumulator  is  a  typical  primary  Accumulator. 

It  is  the  principal  source  and  destination  for  data  that  is  being  operated  on 

Taken  together  the  X  and  Y  registers  constitute  a  6-  or  7-bit  Data  Counter  which  ad- 
dresses the  64  or  128  nibbles  of  RAM  The  X  register  is  two  or  three  bits  wide  and  the  Y  register- 
is  four  bits  wide  Since  the  X  and  Y  registers  are  indeed  separate  and  distinct  registers,  RAM  is 
effectively  divided  into  four  or  eight  pages,  each  of  which  is  16  nibbles  long.  A  four-page  RAM 
may  be  illustrated  as  follows: 


PageO 


Page  1 


Page  3 
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The  Y  register,  in  addition,  serves  as  a  secondary  Accumulator  and  an  output  Ad- 
dress register.  We  will  describe  its  use  as  an  output  Address  register  shortly 

Those  TMS1000  series  microcomputers  that  provide  128  nibbles  of  RAM  have  a  3-bit  X  register. 
RAM  is  then  divided  into  eight  16-nibbie  pages 

The  Program  Counter  and  Page  Address  register,  taken  together,  constitute  a  10- 
bit  Program  Counter.  They  are.  in  reality,  separate  and  distinct  registers,  with  the  result  that 
program  memory  is  divided  into  sixteen  64- byte  pages. 

Those  TMS1000  microcomputers  that  provide  2048  bytes  of  program  memory 
have  an  additional  1-bit  flag,  referred  to  as  Chapter  Logic,  which  is  used  to  select 
one  of  two  alternate  1024-byte  ROM  chapters. 


TMS1000 
SUBROUTINES 


The  Subroutine  Return  register  is  simply  a  buffer  for  the 
Program  Counter  register.  Similarly,  the  Page  Buffer 
register  is  a  simple  buffer  for  the  Page  Address  register. 

These  two  buffer  registers  allow  the  TMS1000  a  single  level  of  subroutine  call  logic,  When  .a 
subroutine  is  called,  the  contents  of  the  Page  Address  register  and  Page  Buffer  registers  are 
exchanged,  the  Program  Counter  register  contents  are  moved  to  the  Subroutine  Return  register, 
and  a  new  value  provided  by  the  subroutine  call  instruction  is  loaded  into  the  Program  Counter 
This  may  be  illustrated  as  follows: 


Instruction  object  code 


Program  Counter 


Page  Address  register 


Subroutine  Return  register 


Page  Buffer  register 


TMS1000  MEMORY  ADDRESSING  MODE 

TMS1000  microcomputers  have  separate  and  distinct  program  and  data  memo- 
ries. There  are  no  instructions  capable  of  writing  into  program  memory  and  data  memory  cannot 
contain  instruction  object  codes. 

Data  memory  is  accessed  using  implied  addressing.  The  X  and  Y  registers  combine  to 
serve  as  a  Data  Counter;  we  have  just  described  this  use  of  the  X  and  Y  registers 

Only  subroutine  Call  instructions  and  Branch  instructions  address  program  memo- 
ry. These  instructions  address  program  memory  using  variations  of  absolute, 
paged  direct  addressing. 

We  have  already  illustrated  the  addressing  logic  of  a  subroutine  Call 

A  Branch  instruction  loads  the  Program  Counter  from  the  instruction,  just  as  a  Call  instruction 
does  If  the  Branch  instruction  occurs  in  a  subroutine  —  that  is,  in  the  sequence  between  a 
subroutine  Call  instruction  and  a  subroutine  Return  instruction  —  the  Page  Address  register  will 
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not  be  affected..  However,  execution  of  a  Branch  instruction  outside  a  subroutine  will  load  the 
Page  Address  register  from  the  Page  Buffer  register.  The  two  types  of  program  branch  may  be  il- 
lustrated as  follows 


I      I      1      1      I      I     I      I      I      Instruction  object  c 


Program  Counter    j      J      j     UO      1      I 

Page  Address  register  I     I    J.    I      I 


Page  Buffer  register 


Only  if  Branch  occurs 
outside  a  subroutine 

TMS1000  STATUS  FLAGS 

The  TMS1000  series  microcomputers  have  a  single  status  flag  which  combines  to 
serve  as  a  Carry  status  and  a  simple  logic  decision  status.  All  Branch  and 
subroutine  Call  instructions  are  conditional;  the  Branch  or  subroutine  Call  occurs  only  if 

the  status  flag  is  1 . 

The  unique  feature  of  the  status  flag  as  compared  to  most  status  logic  is  that  its  passive  level  is 
high  (1).  If  an  instruction  causes  the  status  flag  to  be  reset  to  0,  it  will  revert  to  1 
after  a  single  instruction  cycle: 


Instructions  that  test  the  condition  of  the  status  flag  must  directly  follow  the  instruction  which 
modifies  the  level  of  the  status  flag. 

TMS1000  INPUT  AND  OUTPUT  LOGIC 

The  only  data  input  to  a  TMS1000  series  microcomputer  occurs  as  4-bit  nibbles, 
referred  to  in  Texas  Instruments  literature  as  K  inputs.  Instructions  that  access  the  K  in- 
puts simply  input  whatever  signal  levels  exist  at  the  time  of  the  access. 

TMS1000  series  microcomputers  output  data  referred  to  as  O  outputs,  and  control 
signals  referred  to  as  R  outputs. 

There  are  eight  data  or  O  outputs;  but  they  are  created  in  an  unusual  way,  0  output  logic 
receives,  as  inputs,  the  contents  of  the  Accumulator,  plus  the  status  flag.  These  five  data  bits 
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create  the  eight  0  output  signals  according  to  a  matrix  which  you  must  define  when  you  order 
the  TMS1000  microcomputer  This  may  be  illustrated  as  follows: 


Accumulator 
Contents 


Status  flag 


0  Output 
Matrix 

]^> 

O  Outputs 


As  the  illustration  above  would  imply,  the  five  inputs  select  32  of  the  possible  256  signal  com- 
binations which  can  be  output  via  the  eight  0  outputs. 

The  control  R  outputs  are  treated  as  1 1,  13  or  16  single  control  signals.  Refer  to  Table  1-1,  which 
identifies  the  number  of  R  output  signals  available  with  each  of  the  TMS1000  series  microcom- 
puters. You  can  set  or  reset  R  output  signals  individually.  The  Y  register  is  used  to 
identify  the  individual  R  signal  which  is  being  set  or  reset. 

TMS1000  SERIES  MICROCOMPUTER  PINS  AND  SIGNALS 

Figures  1-2  through  1-7  illustrate  the  pins  and  signals  of  the  TMS1000  series 
microcomputers.  Note  that  the  TMS1000  and  TMS1100  microcomputers  have  identical  pins 
and  signals  Since  signals  are  consistent  for  the  entire  family  of  microcomputers,  they  will  be  de- 
scribed together. 

The  four  data  inputs  are  provided  by  K1,  K2,  K4  and  K8.  We  would  name  these  signals 
DIO,  DM,  DI2  and  DI3  to  be  consistent  with  common  microcomputer  terminology;  however,  Texas 
Instruments  literature  uses  the  signal  names  K1,  K2,  K4  and  K8  to  represent  the  binary  level  of 
each  signal 
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Figure  1-2.  TMS1000  Microcomputer  Signals  And  Pin  Assignments 
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Figure  1-3.  TMS1200  Microcomputer  Signals  And  Pin  Assignments 
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Figure  1-4.  TMS1070  Microcomputer  Signals  And  Pin  Assignments 
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Figure  1-5.  TMS1270  Microcomputer  Signals  And  Pin  Assignments 
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Figure  1-6.  TMS1 100  Microcomputer  Signals  And  Pin  Assignments 
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Figure  1-7    TMS1300  Microcomputer  Signals  And  Pin  Assignments 
The  O  outputs  are  provided  by  00  -  07,  or,  in  the  case  of  the  TMS1270,  00  -  09. 

The  R  outputs  occur  at  RO  -  R15,  or  some  smaller  number  of  R  outputs,  depending 

on  the  microcomputer 

OSC1  and  0SC2  are  timing  inputs  and  outputs.  A  number  of  timing  options  are  provided 

All  TMS1000  series  microcomputers  contain  internal  clock  logic  which  you  can  access  in  con- 
junction with  an  external  RC  circuit  as  follows 


-AAAr- 


vss 


vdd 


You  can  also  input  an  externally  created  clock  signal  at  0SC1,  in  which  case  0SC2  must  be  con- 
nected to  ground  (Vss)  When  you  have  more  than  one  TMS1000  series  microcomputer  in  a 
configuration,  it  is  a  good  idea  to  synchronize  the  many  microcomputers  by  driving  them  with  a 
single  clock  signal 

INIT  is  a  power  on  reset  signal.  Following  power  on,  INIT  should  be  input  high  (Vss)  for  at 
least  six  consecutive  clock  cycles.  The  Reset  operation  stores  binary  ones  in  the  Page  Address 
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register  and  the  Page  Buffer  register.  The  0  outputs,  the  R  outputs  and  the  Program  Counter  are 
all  zeroed   Thus,  the  first  instruction  executed  will  have  the  hexadecimal  address,  3C016 

Page  Address  register I Program  Counter 

Y  T 

111    10  0  0  0  0  0 
3  C  0 

TMS1000  SERIES  MICROCOMPUTER  INSTRUCTION 
EXECUTION 

No  microcomputer  described  in  this  book  has  simpler  instruction  execution  timing  than  the 
TMS1000  series  All  instructions  generate  one  byte  of  object  code.  There  are  no  two  or 
three  byte  object  codes  Similarly,  every  instruction  executes  in  a  single  machine  cycle, 

as  timed  by  the  system  clock 

TMS1000  SERIES  MICROCOMPUTER  INSTRUCTION  SET 

There  are  variations  in  the  instruction  sets  of  the  different  microcomputers  in  the  TMS1000 
series  However,  the  different  instruction  sets  are  similar  enough  for  us  to  describe 
them  all  in  Table  1-2.  As  compared  to  similar  tables  for  other  microcomputers  in  this  book. 
Table  1  -2  has  an  additional  column  which  identifies  the  instructions  which  are  available  with  each 
of  the  TMS1000  series  microcomputers. 

Within  the  confines  of  a  single  chip  microcomputer,  the  instruction  set  defined  in  Table  1-2  is 
both  powerful  and  effective  It  would  be  easy  to  point  out  instruction  set  features  which,  from  a 
'programmer's  point  of  view,  are  undesirable;  however,  the  TMS1000  series  microcomputers  are 
more  oriented  to  digital  logic  than  other  devices  described  in  this  book  (with  the  possible  excep- 
tion of  the  single  chip  F8).  The  TMS1000  is  not  a  product  that  gets  programmed,  rather  its  in- 
struction set  is  a  means  of  defining  an  optional  portion  of  the  ROM  mask.  Within  this  context,  the 
instruction  set  is  very  adequate  Note  that  since  you  are  dealing  with  a  single  chip 
microcomputer,  there  is  nothing  to  prevent  you  from  redefining  the  Control  Unit, 
and  thus  creating  your  own  instruction  set. 

THE  BENCHMARK  PROGRAM 

The  benchmark  program  we  are  using  throughout  this  book  in  order  to  exercise  the  various 
microcomputer  instruction  sets  is  essentially  meaningless  in  any  TMS 1000  application  Given  64, 
or  at  most.  128  nibbles  of  RAM,  the  whole  concept  of  moving  data  among  tables  is  meaningless 
We  therefore  simplify  the  problem  and  look  upon  IOBUF  as  external  logic  Instead  of  reading  from 
IOBUF,  we  will  input  K  data  We  will  assume  that  each  block  of  K  data  is  preceded  by  a  nibble 
which  defines  the  number  of  data  nibbles  to  follow 


MINIM  MM 


-fe~   K1 


^ 


-►    K8 


n  data  nibbles 
follow 


Thus  each  block  of  data  that  is  input  must  be  fifteen  nibbles,  or  less,  in  length 

LDX  TBHI  LOAD  TABLE  PAGE  ADDRESS 

TKA  INPUT    FIRST    K    NIBBLE,    IT    EQUALS    DATA    NIBBLE    TO 

FOLLOW 
TAY  MOVE  TO  Y   XY  NOW  ADDRESSES  END  OF  TABLE 

LOOP  TKA  INPUT  NEXT  DATA  NIBBLE 

TAM  SAVE  IN  MEMORY 

DYN  DECREMENT  Y 

BR  LOOP  IF  Y  NOT  0,  RETURN  FOR  NEXT  NIBBLE 
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Symbols  are  used  in  Tabie  1.-2  as  follows; 

Registers     A  —  Accumulator 

X.Y  —  Data  Counter,  Y  also  serves  as  an  output  address,. 

PC  —  Program  Counter 

PA  —  Page  Address  register 

CF  —  Chapter  Flag  (one  bit) 

SR  —  Subroutine  Return  register 

PB  —  Page  Buffer 

Statuses      ST  —  The  Status  Flag 

C  —    The  status  flag  reflects  a  Carry.  That  is,  it  is  set  if  there  is  a  Carry  from  the 
most  significant  bit  (MSB),  and  reset  otherwise. 

NE  —  The  status  flag  reflects  "not  equal"  That  is,  it  is  set  if  the  compared  bits  are  not 
equal,  and  reset  if  they  are  equal 
Inputs  and  Outputs 

K  —  the  four  input  lines 

0  —  the  five-bit  Output  register 

R  —  the  control  outputs 
bb  Two  bits  in  the  object  code  which  specify  one  of  the  four  bits  of  a  RAM  location: 


4  4  ♦  A 


1      0   ■«%    ""     Bit  No. 
|      |«4( RAM  location 


bb 
•  00 

■  10 

■  01 

■  11 


B  Operand  which  specifies  one  bit  of  a  RAM  location 

DATA  2,  3,  or  4  bits  of  immediate  data 

LABEL         Destination  of  'Branch  instruction  (6  bits  of  direct  address  in  the  object  code) 

R([Y])         The  control  output  Sine  specified  by  the  contents  of  the  Y  register. 

x  One  bit  of  immediate  data  or  direct  address  in  the  object  code. 

[X](MSB)   The  most  significant  bit  of  the  X  register 

[tX,Y3J      The  contents  of  the  RAM  location  addressed  by  the  contents  of  the  Data  Counter 

[[  X.Y]](B)  The  specified  bit  of  the  RAM  location  addressed  by  the  contents  of  the  Data  Counter 

t  ]  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed 

within  the  brackets,  then  the  designated  register's  contents  are  specified.  If  K  or  R  is 
enclosed  within  the  brackets,  then  the  data  at  the  inputs  or  control  outputs  is 
specified 

' —  —>         Data  is  transferred  in  the  direction  of  the  arrow 

* "  Data  is  exchanged  between  the  two  locations  designated  on  either  side  of  the  arrow. 

Where  two  object  codes  are  given,  the  first  is  the  code  used  in  the  TMS1000,  TMS1200. 
TMS1070,  and  TMS1270.  while  the  second  is  the  object  code  used  in  the  TMS1100  and 
TMS1300 

X  in  one  of  the  rightmost  two  columns  means  the  instruction  is  implemented  on  the  designated 
TMS1000  device. 
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DATA  SHEETS 


TMS  1000/1200  AND  TMS  1100/1300  ELECTRICAL  AND  MECHANICAL  SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS  OVER  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
(UNLESS  OTHERWISE  NOTED)' 

Voltage  applied  to  any  device  terminal  (see  Note  1) .    -20  V 

Supply  voltage,  VpD -20  V  to  0.3  V 

Data  input  voltage -20  V  to  0.3  V 

Clock  input  voltage -20  V  to  0.3  V 

Average  output  current  (see  Note  2}:    O  outputs -24  mA 

R  outputs    .     . —14  mA 

Peak  output  current:      O  outputs —48  mA 

R  outputs -28  mA 

Continuous  power  dissipation:     TMS  1000/1 100  NL 400  mW 

TMS  1200/1300  NL 600  mW 

Operating  free-air  temperature  range 0°C  to  70°C 

Storage  temperature  range — 55°C  to  150°C 

•Stresses  beyond  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  beyond  those  Indicated  in  the  "Recommended  Operating  Conditions" 
section  of  this  specification  Is  not  implied,  Exposure  to  absolute-maximum-rated  conditions  for  extended  periods  may  affect  device  reliability. 


RECOMMENDED  OPERATING  CONDITIONS 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply  voltage,  Vprj  (see  Note  3) 

_14 

-15 

-17.5 

V 

High-level  input  voltage,  V||-|  {see  Note  4} 

K 

-1.3 

_1 

0.3 

V 

INIT  or  Clock 

-1.3 

-1 

0.3 

Low-level  input  voltage,' V||_  (see  Note  41 

K 

VDD 

_4 

V 

INIT  or  Clock 

vDd 

-15 

-S 

Clock  cycle  time,  tc{4>) 

2.5 

3 

10 

MS 

Instruction  cycle  time,  tc 

15 

60 

Pulse  width,  clock  high,  tw{<£H)                                                     t 

1 

MS 

Pulse  width,  clock  low,  tw^ij 

1 

MS 

Sum  of  rise  time  and  pulse  width,  clock  high,  tr 

+  tw^H) 

1.25 

MS 

Sum  of  fall  time  and  pulse  width,  clock  low,  tf  H 

rJwlALL _ . _ _.  ... 

1.25 

MS 

Oscillator  frequency,  fosc 

100 

400 

kHz 

Operating  free-air  temperature,  T"a 

0 

70 

°C 

NOTES:     1 .    Unless  otherwise  noted,  all  voltages  are  with  respect  to  Vggv 

2,  These  average  values  apply  for  any  100-ms  period. 

3,  Ripple  must  not  exceed  0.2  volts  peak-to-peak  in  the  operating  frequency  range. 

4,  The  algebraic  convention  where  the  most-positive  (least-negative)  limit  is  designated  a 
logic  voltage  levels  only. 


iximum  is  used  in  this  specificatio 


VIH(0) 


e  90%  fhight  and  10%  (low) 

EXTERNALLY  DRIVEN  CLOCK  INPUT  WAVEFORM 
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ELECTRICAL  CHARACTERISTICS  OVER  RECOMMENDED  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
(UNLESS  OTHERWISE  NOTED) 


PARAMETER    . 

TEST  CONDITIONS 

M1N     TYP+     MAX 

UNIT 

I|                  Input  current,  K  inputs 

v(  =  ov 

50      300        500 

fA 

High-level  output  voltage 
V°H           (see  Note  1 ) 

O  outputs    , 

Iq  =  —10  mA 

-1 .1 1  -0.6* 

V 

R  outputs 

l0  =  -2  mA 

-0.75     -0.4 

Iql             Low-level  output  current 

V0L=VDD 

-100 

MA 

Average  supply  current  from  Vrjrj 
'DD!av)     TMS1000A1200.{seeNote2)      . 

All  outputs  open . 

-6        -10 

mA 

Average  supply  current  from  Vqq 
'DD<avl      TMS1100/1.300{seeNote2) 

All  outputs  open 

-7        -11 

mA 

Average  power  dissipation 
P(AV)        YMS  1000/1200  {see  Note  2 

All  outputs  open 

90         175 

mW 

Average  power  dissipation 
(AV)        TMS1 100/1300  isee  Note  2) 

All  outputs  open 

105        193 

mW 

fosc             Internal  oscillator  frequency 

Rext  =  50  ktt ,           Cext  =  47  pF 

250      300        350 

kHz 

C|             .  Small-signal  input  capacitance,  K  inputs 

V|  =0,                        f  =  1  kHz 

10 

pF 

Cj{0)           Input  capacitance,  clock  input 

V|=0,                        f  =  100  kHz 

25 

PF 

^ AH  typical  values  are  at  VDD  .=  -15  V,  TA  =  25  C. 

fParts  with  Vqh  °*  ~ 2  v  minimum,  —1.3  V  typical,  are  available  if  requested. 
NOTES:     1      The    algebraic    convention    where    the    most-positive    (least -negative) 
specification    for    logic   voltage   levels  only. 
2.    Values  are  given  for  the  open-drain  O  and    R  output  configurations, 
outputs  end  increase  Iqd. 


3  optionally  available  on  all 


SCHEMATICS  OF  INPUTS  AND  OUTPUTS 


TYPICAL  OF  ALL  K  INPUTS 

INPUT 

vSs 

^ 

lai 

R  » 

50  kfij 

ovDD 

TYPICAL  OF  ALL  O  AND  R 
OPEN-DRAIN  OUTPUTS 


TYPICAL  OF  ALL  O  AND  R 

OUTPUTS  WITH  OPTIONAL 

PULL-DOWN  RESISTORS 


The  O  outputs  have  nominally  60  O  on-state  impedance;  however,  upon  request  a  130-H  buffer  can  be  mask  program- 
med. 

The  value  of  the  pull-down  resistors  is  mask  alterable  and  provides  the  following  nominal  short-circuit  output  currents 
(outputs  shorted  to  Vss>: 

O  outputs:    100,  200,  300,  500,  or  900  juA 
R  outputs:   100,  150,  or  200  ju A 
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INTERNAL  OR  EXTERNAL  CLOCK 

If  the  internal  oscillator  is  used,  the  OSC1  and  OSC2  terminals  are  shorted  together  and  tied  to  an  external  resistor  to 
VDD  and  a  capacitor  to  Vss.  If  an  external  clock  is  desired,  the  clock  source  may  be  connected  to  OSC1  and  OSC2 
shorted  to  Vss 


CONNECTION  FOR  INTERNAL  OSCILLATOR 


TYPICAL  BUFFER  CHARACTERISTICS 

O  OUTPUTS 
HIGH-LEVEL  OUTPUT  CURRENT 


TYPICAL  INTERNAL  OSCILLATOR  FREQUENCY 

v» 

EXTERNAL  RESISTANCE 


0        20       40       60       SO      100    -120    140      160     180     200 
R.-t  -  External  Resistance  —  klJ 


R  OUTPUTS 
HIGH-LEVEL  OUTPUT  CURRENT 


HIGH-LEVEL  OUTPUT  VOLTAGE 

VDO--15V  1 

I 

/ 

H 

1    1 

TA 

-25  C 

'J 

■o{p«ak) 

7 

/ 

1  ~40 

h 

s 

Or 

& 

1 

i 

V 

o 

V^ 

h 

RATE 

D 

i 

7 

7 

'■  L 

Otav 

o      u 

k 

r y 

tl 

0 

*s 

OH  Al 

•axtP 

_J 

) 

HIGH:LEVEL  OUTPUT  VOLTAGE 


Vqh  -  Hfch-Lewl  Output  Voftage  -,  V 


Vqh  -  High-Lewi  Output  Voltego  -  V 


ABSOLUTE  MAXIMUM  RATINGS  OVER  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
(UN  LESS  OTHERWISE  NOTED)* 

Voltage  applied  to  any  device  terminal  (see  Note  1 ) _20  V 

Supply  voltage,  VDD -20Vto-0„3V 

Data  input  and  output  voltage  with  Vqq  applied  (see  Note  2} -35  V  to  0.3  V 

Clock  input  and  IN  IT  input  voltage -20  V  to  0.3  V 

Average  output  current  (see  Note  3):    0  outputs _2.5  mA 

R  outputs -12  mA 

Peak  output  current:      O  outputs -5  mA 

R  outputs -24  mA 

Continuous  power  dissipation:     TMS1070NL 400  mW 

TMS1270NL 600  mW 

Operating  free-air  temperature  range 0°C  to  70°C 

Storage  temperature  range  . - .     „     .     .       ~55°C  to  150°C 

•Stresses  beyond  those  listed  under  "Absolute  Maximum  Ratings'*  may  ^ause  permanent  damage  to  the  device.  This  is  a  stress  ratine,  only  and 
functional  operation  of  the  device  at  these  or  any  other  conditions  beyond  those  indicated  in  the  "Recommended  Operating  Conditions" 
section  of  this  specification  is  not  implied.  Exposure  to  absolute-maximum-rated  conditions  for  extended  periods  may  affect  device  reliability. 
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RECOMMENDED  OPERATING  CONDITIONS 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply  voltage,  Vqo  (see  Note  4) 

-14 

-15 

-17.5 

V 

High-level  input  voltage,  V|^  (see  Note  5) 

K 

-6 

0.3 

V 

INIT  or  Clock 

-1.3 

-1 

0.3 

Low-level  input  voltage,  V|j_  (see  Note  5) 

K  (See  Note  2) 

-35 

S 

V 

INIT  or  Clock 

VDD 

-,15 

-8 

Clock  cycle  time,  tc{^,) 

2.5 

3 

10 

r      MS 
MS 

Instruction  cycle  time,  tc 

15 

60 

Pulse  width,  clock  high,  tw(<j,H) 

1 

MS 

Pulse  width,  clock  low,  tw(0|_j 

1 

MS 

Sum  of  rise  time  and  pulse  width,  clock  high,  tr  +  tw(^H) 

1„25 

MS 

Sum  of  fall  time  and  pulse  width,  clock  low,  tf  +  X^ 

(<*>L) 

1.25 

MS 

Oscillator  frequency,  fosc 

100 

400 

kHz 

Operating  free-air  temperature,  T^ 

0 

70 

UC 

1      Unless  otherwise  noted,  all  voltages  are  with  respect  to  Vgs- 

2,  Vqq  must  be  within  the  recommended  operating  conditions  specified  in  5.4. 

3,  These  average  values  apply  for  any  100-ms  period. 

4.  Ripple  must  not  exceed  0,2  volts  peak-to-peak  in  the  operating  frequency  range 

5.  The  algebraic  convention  where  the  most-positive  (least-negative)  limit  is  designat 
logic  voltage  levels  only. 


is  used  in  this  speciflcatio 


ELECTRICAL  CHARACTERISTICS  OVER  RECOMMENDED  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
{UNLESS  OTHERWISE  NOTED) 


PARAMETER 

TEST  CONDITIONS 

MIN 

TYpt 

MAX 

UNIT 

l|                Input  current,  K  inputs 

Vj  =0  V 

40 

100 

300 

MA 

V0H 

High-level  output  voltage 
(see  Note  1 J 

O  outputs 

'O  =  — 1  mA 

_1 

-0.5 

V 

R  outputs 

l0  =  „10  mA 

-4.5 

-2.25 

■OL 

Low-tevel  output  current 

vOL"VDD 

-100 

ma 

'DD(av)  Average  supply  current  from  Vqd 

All  outputs  open 

~£ 

-10 

mA 

p(AV) 

Average  power  dissipation 

All  outputs  open 

90 

175 

mW 

fosc 

Internal  oscillator  frequency 

Rext  =  50  kn. 

Cext=47pF 

250 

300 

350 

kHz 

c. 

Small-signal  input  capacitance,  K  inputs 

V,  =o  V, 

f  =  1  kHz 

10 

pF 

CM*) 

Input  capacitance,  clock  input 

Vj  =  0  V, 

f  =  100  kHz 

25 

pF 

TAII  typical  values  are  at  VDD  =  -15  V,  TA  =  25  C. 
NOTE    1:  The  algebraic  convention  where  the  most-positiv 
for  logic  voltage  levels  only, 


;t-negative)  limit  is  designated  as  n 


is  used  in  this  specif  i 
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Chapter  2 
THE  FAIRCHILD  F8 


The  F8  has  had  a  profound  impact  on  the  microcomputer  industry.  When  it  first  ap- 
peared, the  F8  was  dismissed  as  an  off-beat  product  with  a  strange  set  of  chips 
and  a  ridiculous  instruction  set.  The  chip  set  was  strange  because  logic  was 
organized  with  the  goal  of  minimizing  chip  counts;  in  contrast  microprocessors 
such  as  the  8080  and  6800  were  designed  with  logic  distributed  functionally  on 
chips  —  one  traditional  CPU  logic  function  per  chip.  The  F8  instruction  set  is  in- 
deed strange,  and  in  some  cases  quite  limiting,  but  it  reflects  the  simple  chip 
design  of  the  F8  CPU. 

The  vast  majority  of  microprocessors  are  now  going  into  consumer  products.  In 
this  market  place  the  two-chip  F8  system  provided  by  a  3850  CPU  and  8351  PSU 
quickly  came  to  dominate;  any  other  microcomputer  system  requires  7  or  more 
chips  to  provide  the  same  variety  of  logic  functions  as  the  two-chip  F8  system. 
The  economics  of  consumer  product  volumes  render  the  inefficiencies  of  the  F8 
instruction  set  inconsequential,  with  the  result  that  in  1977  the  F8  will  be  the 
world's  leading  microprocessor  —  in  terms  of  CPU  sales.  The  8080A  still  has  the 
largest  number  of  individual  users. 

In  recognition  of  the  F8  success  story,  Intel  has  created  the  8048  —  a  one-chip 
microcomputer  described  in  Chapter  6  of  this  book. 

F8  devices  described  in  this  chapter: 

-  The  3850  CPU 

-  The  3851  Programmable  Storage  Unit  (PSU),  which  pro- 
vides Read-Only  Memory,  plus  various  additional  logic 
functions. 

-  The  3852  Dynamic  Memory  Interface  (DM I),  which  primarily  provides  interface 
logic  for  dynamic  or  static  read-write  memory. 

-The  3853  Static  Memory  Interface  (SMI),  which  primarily  provides  interface 
logic  for  static  read/write  memory. 

-  The  3854  Direct  Memory  Access  (DMA),  which,  in  conjunction  with  the  3862 
DM  I,  implements  Direct  Memory  Access  logic. 

-  The  3856  and  3857  16K  Programmable  Storage  Units  (PSU  16),  which  are  varia- 
tions of  the  3851  PSU,  but  provide  more  Read-Only  Memory. 

We  are  also  going  to  look  at  the  3859  and  3870  single  chip  microcomputers, 
which  are  really  an  alternative  to,  rather  than  a  member  of  the  3850  device  set. 

Figure  2-1  illustrates  a  3850  CPU  based  F8  microcomputer  system. 

All  devices  of  the  F8  family  require  +5V  and  -M2V  power  supplies. 

Using  a  500  ns  clock,  instruction  cycle  time  is  2  /xsea  Instruction  execution  times  range 
from  1  to  6.5  instruction  cycles,  or  2  to  13  ^tsec. 

N-channel  isoplanar  M0S  technology  is  used  for  the  F& 


THE  FAIRCHILD 
F8  DEVICE  SET 
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The  principal  manufacturer  for  the  F8  is: 


The  second  source  is: 


FAIRCHILD  SEMICONDUCTOR 

464  Ellis  Street 

Mountain  View,  California  94040 

MOSTEK,  INC. 

P.O.  Box  169 

Carroliton,  Texas  75006 

THE  3850  CPU 

Functions  implemented  on  the  3850  CPU  are  illustrated  in  Figure  2-2. 

These  are  the  functions  which  one  would  expect  to  find  on  a  CPU  chip,  and  which 
are  on  the  3850  CPU: 

-  The  Arithmetic  and  Logic  Unit 

-  The  Control  Unit  and  Instruction  Register 

-  Logic  needed  to  interface  the  System  Bus  with  the  control  signals  which  are  input  and 
output  by  the  CPU. 

-  Accumulator  register 

There  is  no  memory  addressing  logic,  and  there  are  no  memory  addressing 
registers  on  the  3850  CPU.  Stack  Pointer,  Program  Counter  and  Data  Counter 
registers  are  ail  maintained  on  memory  chips,  and  memory  interface  chips. 

With  the  Fairchild  scheme,  memory  addressing  logic  will  be  duplicated  if  more 
than  one  memory  device  is  present  in  an  F8  microcomputer  system.  We  will  dis- 
cuss shortly  how  potential  address  contention  problems  are  resolved  under  these 
circumstances. 


r" 

e 

to   I 

3850  CPU 
I/O  Port    I/O  Port 

<    1 

3851,  3856  or  3857  Program  Stora 
Unit  (PSU> 

Interrupt 
Request 
I/O  Port     I/O  Port 

1    t 

gej 

Interrupt 

Request             „„_„  „     . 
3853  Static 

Memory  Interface 

S  (SMI) 
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+-                  * 
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64  byte  RAM 

Prog  Timer 

Prog  Timer 

E 
c  1 
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and 
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ROM 
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INTERFACE 
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LOGIC 

DMA  CONTROL 

DMA 

CONTROL 

LOGIC 

3854  Direct 

Memory  Access 
S.                  (DMA) 

3852  Dy 

namic     . 

i 

I 

^ 

(DM!) 

^y 

A  maximum  of  65,536  bytes  of  memory  may  be  present  in  an  F8  microcomputer  system. 

Figure  2-1,   A  Fairchild  F8  Microcomputer  S\stem 
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Two  advantages  accrue  from  having  no  memory  address  logic  on  the  CPU  chip: 

1 )  No  address  lines  are  needed  on  the  System  Bus,  so  neither  the  CPU  nor  connecting 
devices  need  16  address  pins.  These  16  pins  are  used  instead  for  two  8-bit  I/O 
ports  at  each  device. 

2)  The  real  estate  on  the  CPU  chip  which  would  have  been  used  by  Address  registers 
and  memory  addressing  logic  is  available  for  other  purposes;  it  is  used  to  imple- 
ment 64  bytes  of  read-write  memory. 

Having  I/O  ports  and  read-write  memory  on  the  CPU  chip  paves  the  way  for  some 
very  low-cost  small  microcomputer  configurations;  for  example,  the  8350  CPU  and 
the  3851  PSU  form  a  two-device  microcomputer  system,  with  all  of  the  necessary  pre- 
requisites for  reasonable  performance.  The  3859  and  3870  single  chip  microcomputers 
are  simply  a  combination  of  3850  CPU  and  3851  PSU — with  minor  enhancements. 

The  disadvantage  of  removing  memory  addressing  logic  from  the  CPU  chip  is  that 
memories  can  no  longer  connect  directly  to  the  System  Bus;  this  bus  has  no  ad- 
dress lines;  therefore,  separate  logic  devices  must  create  the  interface  needed  by  stan- 
dard memories.  In  the  F8  system  this  is  done  by  the  3852  DMI  and  the  3853  SMI 
devices. 

Clock  signal  generation  logic  is  also  part  of  the  3850  CPU.  This  is  now  standard 
among  microcomputers.  Depending  on  the  signal  timing  accuracy  demanded  by  an  ap- 
plication, either  a  crystal  or  a  resistor-capacitor  network  can  be  connected  at  3850  in- 
put pins;  clock  logic  generates  the  timing  signals  required  by  other  devices  within  the 
F8  microcomputer  system.  There  is  also  the  option  of  slaving  a  3850  CPU  by  receiving 
timing  signals  from  some  other  source,  bypassing  3850  CPU  clock  logic. 

F8  PROGRAMMABLE  REGISTERS 

These  are  the  programmable  registers  of  the  F8  CPU: 


8-BIT  5 -BIT    STATUS 

ACCUMULATOR     REGISTER  (W) 

I 1     ' 1 

6-BIT  INDIRECT  SCRATCHPAD 
ADDRESS  REGISTER  (ISAR) 


SCRATCHPAD 


SCRATCHPAD  BYTE  ADDRESS 
DECIMAL         OCTAL         HEXADECIMAL 


W  register  of  3850  CPU  - 
DC0  register  of  3851  PSU 
3850  DMI  and  3853  SMI 
PC1  (Stack)  register  of  385 
PSU,  3852  DM!  and  3853  SMI 
DC0  or  PC0  registers  of  3851 
PSU,  3852  DMI  and  3853  SMI 

H  is  equivalent  to  a  Data 
Counter  buffer  register 
K  is  equivalent  to  a  Stack 
register  buffer 
Q  is  equivalent  to  a  Data 
Counter  or  Program  Counter 
buffer  register 


-J1-H 


K 


S  au 

i  QL 


9 
10 

11 
12 
13 

14 
15 


58 
59 
60 
61 
62 
63 


11 
12 
13 
14 
15 
16 
17 
20 

72 
73 
74 
75 
76 
77 


9 
A 
B 
C 
D 
E 
F 
10 

3A 
3B 
3C 
3D 
3E 
3F 


There  is  one  8-bit  Accumulator,  which  may  be  likened  to  the  Pri- 
mary Accumulator  (A0)  of  our  hypothetical  microcomputer. 
Wherever  there  is  a  choice,  this  Accumulator  is  the  usual  source 
or  destination  for  data  operations  associated  with  any  instruction's  execution. 


F8 

ACCUMULA- 
TOR 
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The  64-byte  scratchpad  may  be  viewed  either  as  a  small  I  F8  SCRATCHPAD  I 
read-write  memory,  or  as  64,  8-bit  secondary  Accumula-    ^  ^ 

tors.  The  first  1 1  scratchpad  bytes  may  be  accessed  directly,  as  though  they  were  secondary  Ac- 
cumulators, Remaining  RAM  bytes  can  only  be  accessed  using  a  form  of  implied  memory  ad- 
dressing, where  a  6-bit  register  (identified  as  the  ISAR  register)  must  provide  the  address  of  the 
byte  being  accessed.  The  ISAR  register  is  in  every  way  identical  to  a  6-bit  Data  Counter. 

There  is  no  Program  Counter,  and  there  are  no  Data  Counters  on  the  3850  CPU. 
However,  as  illustrated  above,  6  of  the  64  scratchpad  bytes  communicate  directly 
with  Program  Counter  and  Data  Counter  registers  on  other  devices  of  the  F8 
microcomputer  system.  What  this  means  is  that  the  F8  provides  register-to-register  Move  in- 
structions that  move  data  between  scratchpad  bytes  and  Data  Counters  or  Program  Counters  on 
other  devices. 

These  Address  registers  are  implemented  on  the  3851  PSU,  3852  DM  I  and  3853 
SMI  devices: 


Data  Counter  DCO 
Data  Counter  buffer  DC1 
Program  Counter  PCO 
Stack  register  PC1 


F8  DATA 
COUNTERS 


Data  Counter  DCO  is  an  implied  addressing  register,  as  de- 
scribed for  our  hypothetical  microcomputer. 

Data  Counter  DC1  is  simply  a  buffer  for  the  contents  of  Data 
Counter  DCO.  Implied  addressing  via  Data  Counter  DC1  is  not  allowed.  The  only  instruction  that 
accesses  Data  Counter  DC1  is  an  instruction  which  will  exchange  the  contents  of  Data  Counters 
DCO  and  DC1  Data  Counter  DC1  is  not  present  in  the  3851  PSU. 

Program  Counter  PCO  serves  the  same  function  in  an  F8 
system  as  it  does  in  our  hypothetical  microcomputer. 

The  Stack  register  (PCD  is,  in  reality,  a  buffer  for  Program 

Counter  PCO;  the  Stack  register  does  not  address  an  area  in  read-write 

memory,  and  there  are  no  Push  or  Pop  instructions,  as  described  in 

Volume  I,  Chapter  6.  Interrupts  and  Jump-to-Subroutine  instructions  save 

the  contents  of  Program  Counter  PCO  in  Stack  register  PC1,  before  loading  a  new  address  into 

Program  Counter  PCO: 


F8  PROGRAM 
COUNTER 


F8  STACK 
REGISTER 


Old  Address  from  PCO 
is  moved  to  PC1 


Old  Address  in 
PC1  is  lost 


Program  Counter  PCO         Stack  register  PC1 

The  classical  Stack  can  be  implemented  in  an  F8  system,  but  a  short  program  needs  to  be  written 
to  do  this. 


Since  address  registers  are  present  on  every  PSU,  DMI  or  SMI       F8  ADDRESS 
device  in  an  F8  microcomputer  system,  these  registers  will  be       REGISTERS 
duplicated   in   any   F8   system   that   contains   more  than   a       DUPLICATION 

minimum  amount  of  memory.  So  long  as  the  microcomputer     " " " 

system  has  been  correctly  configured,  this  presents  no  problem.  Every  memory 
device  contains  identical  connections  to  the  common  System  Bus,  and  instructions  that  modify 
the  contents  of  any  address  register,  do  so  identically  for  all  memory  devices,  For  example,  if 
there  are  three  memory  devices,  and  therefore  three  Program  Counters  in  an  F8  system,  every 
Program  Counter  is  incremented  identically  after  every  byte  of  object  code  is  fetched.  This  being 
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the  case,  address  registers  on  different  memory  devices  will  always  contain  identical  address  in- 
formation. 

When  there  are  two  or  more  memory  devices  in  an  F8  system,  which  will  respond  to  a  memory 
reference  instruction? 

Every  memory  device  has  its  own  permanently  defined  address  space.  An  address  space  is  a 
range  of  memory  addresses  to  which  one,  and  only  one  device  will  respond.  So  long  as  the  ad- 
dress spaces  of  memory  devices  within  the  F8  system  do  not  overlap  (and  if  they  do  that  is  a  logic 
design  error)  there  is  no  chance  of  memory  contentions  arising,  either  for  read  or  write  operations. 

But  there  is  one  exception.  Since  the  3851  PSU  does  not  contain  a  DC1  register,  it  does  not  res- 
pond to  an  instruction  that  exchanges  the  contents  of  DCO  and  DC1  registers.  If  such  an  instruc- 
tion is  executed,  it  is  possible  for  the  DCO  registers  of  the  3851  PSUs  to  contain  different  address 
information  from  the  DCO  registers  of  3852  and/or  3853  devices.  Each  of  the  different  addresses 
can  be  within  the  address  space  of  the  3851  PSU.  or  the  DM  I /SMI  devices,  respectively.  Should 
this  situation  arise,  both  devices  will  attempt  to  respond  to  a  memory  reference  instruction. 
Eliminating  this  contention  is  simply  a  question  of  ensuring  that  instructions  that  exchange  Data 
Counter  contents  are  executed  in  pairs. 

F8  MEMORY  ADDRESSING  MODES 

Different  memory  addressing  options  are  provided  for  scratchpad  memory,  and  for 
memory  external  to  the  3850  CPU. 

It  is  important  to  note  that  scratchpad  memory  byte  addresses  have  no  connec- 
tion with  external  memory  byte  addresses. 

As  you  will  see  in  Table  2-2,  there  are  different  instructions  to  reference 
scratchpad  bytes  and  external  memory. 

A  scratchpad  reference  instruction  must  identify  one  scratchpad  byte  via  an  address  in  the  range 
0  through  63. 

A  memory  reference  instruction  identifies  an  external  memory  byte  via  an  address  in  the  range  of 
0  through  65,535. 

A  scratchpad  reference  instruction  cannot  reference  memory,  and  a  memory  referencing  instruc- 
tion cannot  reference  a  scratchpad  byte;  therefore,  the  fact  that  memory  bytes  can  have  ad- 
dresses in  the  range  0  through  63  will  not  cause  confusion.  If  this  point  confuses  you,  just  im- 
agine the  Scratchpad  as  64  Accumulators,  the  hypothetical  microcomputer  described  in  Volume 
!,  Chapter  7  has  two  Accumulators,  but  it  can  still  address  memory  locations  0000  and  0001;  the 
F8has  64  scratchpad  Accumulators  which  does  not  prevent  it  from  addressing  memory  locations 
0000  through  003F16. 

External  memory  is  always  addressed  using  implied  address- 
ing, with  auto-increment,  via  Data  Counter  DCO.  No  other  ex- 
ternal memory  addressing  modes  are  provided. 

There  are  a  number  of  instructions  which  load  immediate  data  into  Data 

Counter  DCO;  data  may  also  be  transferred  between  Data  Counter  DCO  and  scratchpad  bytes,  and 

it  is  possible  to  add  the  contents  of  the  Accumulator  to  Data  Counter  DCO 

In  order  to  understand  scratchpad  addressing,  one  has  to  view  it  as 
neither  representing  64  Accumulators,  nor  64  bytes  of  read-write  memo- 
ry, but  rather  something  in  between  the  two. 


EXTERNAL 

MEMORY 

ADDRESSING 


SCRATCHPAD 

MEMORY 

ADDRESSING 
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There  are  a  number  of  register-register  instructions  that  operate  on  the  Accumula- 
tor, and  one  of  the  first  12  scratchpad  bytes  using  object  code  as  follows: 


7     6      5      4     3     2 


I  I   I   I  I  \nj 

I 00 


One  scratchpad  byte  from  bytes  0  through  1 1  t 
specified 


-An  instruction  that  accesses  the  Accumulator  and  one 
of  the  scratchpad  bytes,  is  specified 


This  type  of  object  code  treats  the  first  12  scratchpad  bytes 
as  secondary  Accumulators. 


DIRECT 

SCRATCHPAD 

ADDRESSING 


IMPLIED 

SCRATCHPAD 

ADDRESSING 


Any  scratchpad  byte  may  be  addressed  via  the  ISAR  register, 

using  implied  addressing;  that  is  to  say,  the  6-bit  number  in  the  ISAR 

(which  can  have  a  value  in  the  range  0  through  63}  identifies  the  one  scratchpad  byte  which  will 

be  accessed  by  the  next  scratchpad  referencing  instruction. 

The  ISAR  register  provides  implied  addressing,  and  implied  addressing 
with  auto-increment  or  auto-decrement;  however,  only  the  low  order 
three  bits  of  the  ISAR  register  are  involved  in  the  auto-increment  or  auto- 
decrement  operation: 

5     4     3     2      1      o 

H  I  I  MJ  «- 

1 These  three  bits  may  be  incremented  or  decremented  by  an 

implied  addressing  scratchpad  memory  reference  with 
auto-increment/decrement. 
l  These  three  bits  are  not  affected  by  an  auto-increment  or  an 
auto -decrement  operation. 

F8  scratchpad  bytes  may  therefore  be  accessed,  as  contiguous,  8-byte  buffers,  with  wraparound 
auto-increment  or  auto-decrement  within  each  8-byte  buffer. 


r  SCRATCHPAD 
ADDRESSING 


F8  instructions,  as  shown  in  Table  2-2,  use  the  symbol  r  in 
the  operand  to  represent  scratchpad  addressing.  This  is  what 
the  symbol  r  represents: 

®  Sf  r  is  a  number  between  0  and  1 1,  one  of  scratchpad  bytes  0  through  1 1  is  addressed  directly, 

•  If  r  is  S,  implied  addressing  via  ISAR  is  specified. 

©  If  r  is  I,  implied  addressing  via  ISAR,  with  auto-increment  of  the  low  order  three  implied  address 
bits  is  specified. 

•  If  r  is  D,  implied  addressing  via  ISAR,  with  auto-decrement  of  the  low  order  three  address  bits  is 
specified. 
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FAIRCHILD  F8  STATUS  FLAGS 

There  is  a  Status  register,  also  called  the  W  register,  which  holds  five  status  flags 
as  follows: 

Bit  No. 

Status  register  (W) 


4 

3 

2 

1 

0 

! 

C 
B 

O 

Z 

C 

S 

I  A 


Ez 


Sign 

Carry 

Zero 

Overflow 

Interrupt  Control  Bit 


The  0,  Z,  C  and  S  status  flags  are  identical  to  the  flags  with  equivalent  symbols,  as  described  in 
Volume  I,  Chapter  6  for  our  hypothetical  microcomputer. 

The  Interrupt  Control  Bit  is  treated  as  a  fifth  status;  this  status  will  not.  be  modified  by  arithmetic  or 
logic  operations  but  it  will  be  transferred,  as  a  unit  with  the  other  four  status  flags,  to  or  from 
Scratchpad  t>yte  0. 

F8  CPU  PINS  AND  SIGNALS 

3850  CPU  pins  and  signals  are  illustrated  in  Figure  2-3.  A  description  of  these  sig- 
nals is  useful  as  a  guide  to  the  way  in  which  the  F8  microcomputer  system  works. 

The  Data  Bus  lines  (DBO  -  DB7)  and  the  control  lines  (ROMCO  -  R0MC4)  provide 
the  heart  of  all  data  and  control  information  flow. 

The  Data  Bus  lines  are  common,  bidirectional  lines,  and  are  the  only  conduit  for  data  to  be 
transmitted  between  devices  of  an  F8  microcomputer  system. 

A  lack  of  address  lines  on  the  System  Bus  usually  means  that  data  and  addresses 
must  be  multiplexed  on  a  single  set  of  eight  lines  —  which  slows  down  all  memo- 
ry reference  operations;  they  must  now  proceed  in  three  serial  increments,  rather 
than  in  one  parallel  increment.  In  the  F8  System  Bus,  multiplexing  is  rarely 
needed,  since  addresses  originate  within  memory  devices,  or  memory  interface 
devices,  whence  they  are  transmitted  directly  to  memory.  In  other  words,  the  only 
time  addresses  are  ever  transmitted  on  the  Data  Bus  is  when  they  are  being  transmitted  as  data. 

Refer  to  Figure  2- 1 ,  Suppose  a  memory  reference  instruction  needs  to  access  a  byte  of  dynamic 
RAM.  ROMC  control  signals  (described  in  the  next  paragraph)  specify  that  the  memory  byte 
whose  address  is  implied  by  the  Data  Counters  (DCO)  is  to  be  referenced.  Every  memory  device 
receives  the  ROMC  control  signals,  but  only  the  3852  DMI  finds  that  its  address  space  includes 
the  Data  Counter  implied  address;  therefore,  only  the  3852  DMI  will  respond  to  the  memory 
reference  instruction.  The  3852  DMI  then  outputs  an  address  directly  to  dynamic  RAM;  this  ad- 
dress is  not  transmitted  via  the  System  Bus.  If  the  memory  reference  instruction  requires  data  to 
be  input  to,  or  output  from  dynamic  RAM,  the  data  transfer  occurs  directly  between  the  System 
Bus  and  Dynamic  RAM,  bypassing  the  3852  DMI  entirely. 

Since  the  3851  PSU,  the  3852  DMI  and  the  3853  SMI  devices  all  contain    |  ROMC  STATE  | 

address  registers  and  address  generation  logic,  they  also  contain  rudimen-  ""'* 

tary  arithmetic  and  logic  units  and  control  units  equivalent  to  very  primitive  CPUs.  Every  in- 
struction's execution  causes  the  3850  CPU  to  output  a  sequence  of  signals  on  the 
five  control  lines,  ROMCO  -  ROMC4.  Each  five-bit  combination  of  ROMC  signal  states  iden- 
tifies one  of  32  possible  operations  which  the  memory  devices  may  have  to  perform  to  ac- 
complish one  step  of  an  instruction's  execution.  For  example,  ROMC  state  00000  causes  the  con- 
tents of  the  memory  byte  addressed  by  the  Program  Counter  to  be  transmitted  to  the  CPU;  this  is 
the  "instruction  fetch"  ROMC  state.  Table  2-1  summarizes  the  interpretation  of  ROMC  states, 
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$  and  WRITE  are  two  timing  signals  output  by  the  3850  CPU  to  synchronize  events  within 
the  rest  of  the  F8  system. 


The  EXT  RES  line  disables  interrupts  and  loads  a  0  address  into  the  Program  Counters, 
causing  program  execution  to  restart  with  the  instruction  code  stored  in  external  memory  byte  0. 


INT  REQ  and  ICB  are  signals  used  for  overall  interrupt  control.  INT  REQ  is  the  master 
line  on  which  all  interrupt  requests  are  transmitted  to  the  3850  CPU.  ICB  is  output  low  by  the  CPU 
if  interrupts  are  enabled,  and  it  is  output  high  by  the  CPU  if  interrupts  are  disabled 

RC,  XTLX  and  XTLY  are  the  three  pins  used  for  clock  inputs.  These  three  pins  may  be 
connected  to  an  external  resistor-capacitor  network,  an  external  crystal  or  to  a  single  external  tim- 
ing signal. 

The  two  I/O  ports  which  are  part  of  the  3850  CPU  device  use  pins  I/O00  - 1/007 
and  1/010  - 1/017,  respectively. 


INT  REQ 

ICB 

R0MC4 


Pin  Name 

Description 

Type 

•DBO  -  DB7 

Data  Bus  Lines 

Bidirectional 

*4>,  WRITE 

Clock  Lines 

Output 

i/O  00  -  I/O  07 

1/0  Port  Zero 

Bidirectional 

I/O  10-1/0  17 

I/O  Port  One 

Bidirectional 

•ROMCO  -  ROMC4 

Control  Lines 

Output 

*EXT  RES 

External  Reset 

Input 

*INT  REO 

Interrupt  Request 

Input 

♦ICB 

Interrupt  Control  Bit 

Output 

RC 

Clock  Oscillator 

Input 

XTLX 

Crystal  Clock  Line 

Output 

XTLY 

External  Clock  Line 

input 

vss,  vdd,  vgg 

Power  Lines 

♦These  signals  connect  to  the  System  Bus. 


Figure  2-3.   Fairchild  3850  CPU  Sgnals  And  Pin  Assignments 
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Table  2-1     ROMC  Signals  And  What  They  Imply 


ROMC 
4      3     2      10 

HEX 

CYCLE 
LENGTH 

FUNCTION 

0     0     0     0     0 

00 

S.L 

instruction  Fetch.  The  device  whose  address  space  includes  the  con- 
tents of  the  PCO  register  must  place  on  the  Data  Bus  the  op  code  ad- 
dressed by  PCO.  Then  all  devices  increment  the  contents  of  PCO, 

0      0     0     0      1 

01 

L 

The  device  whose  address  space  includes  the  contents  of  the  PCO 
register  must  place  on  the  Data  Bus  the  contents  of  the  memory 
location  addressed  by  PCO,  Then  ail  devices  add  the  8-bit  value  on 
the  Data  Bus,  as  a  signed  binary  number,  to  PCO. 

0     0     0      10 

02 

L 

The  device  whose  DCO  addresses  a  memory  word  within  the  address 
space  of  that  device  must  place  on  the  Data  Bus  the  contents  of  the 
memory  location  addressed  by  DCO.  Then  all  devices  increment  DCO. 

0     0     0      11 

03 

L,S 

Similar  to  00,  except  that  it  is  used  for  Immediate  Operand  fetches 
(using  PCO)  instead  of  instruction  fetches. 

0      0      10     0 

04 

S 

Copy  the  contents  of  PC1  into  PCO. 

0     0      10      1 

05 

L 

Store  the  Data  Bus  contents  or  write  bus  contents  into  the  memory 
location  pointed  to  by  DCO.  Increment  DCO. 

0     0      110 

06 

L 

Place  the  high  order  byte  of  DCO  on  the  Data  Bus. 

0     0      111 

07 

L 

Place  the  high  order  byte  of  PC1  on  the  Data  Bus. 

0      10      0     0 

08 

L 

All  devices  copy  the  contents  of  PCO  into  PC1.  The  CPU  outputs  zero 
on  the  Data  Bus  in  this  ROMC  state.  Load  the  Data  Bus  into  both 
halves  of  PCO  thus  clearing  the  register. 

0      10     0      1 

09 

L 

The  device  whose  address  space  includes  the  contents  of  the  DCO 
register  must  place  the  low  order  byte  of  DCO  onto  the  Data  Bus. 

0      10      10 

OA 

L 

All  devices  add  the  8-bit  value  on  the  Data  Bus,  treated  as  a  signed 
binary  number,  to  the  Data  Counter. 

0      10      11 

OB 

L 

The  device  whose  address  space  includes  the  value  in  PC1  must 
place  the  low  order  byte  of  PC1  on  the  Data  Bus. 

0      110     0 

OC 

L 

The  device  whose  address  space  includes  the  contents  of  the  PCO 
register  must  place  the  contents  of  the  memory  word  addressed  by 
PCO  onto  the  Data  Bus.  Then  all  devices  move  the  value  which  has 
just  been  placed  on  the  Data  Bus  into  the  low  order  byte  of  PCO. 

0      110      1 

OD 

S 

All  devices  store  in  PC1  the  current  contents  of  PCO,  incremented  by 
1.  PCO  is  unaltered. 

0      1110 

OE 

L 

The  device  whose  address  space  includes  the  contents  of  PCO  must 
place  the  contents  of  the  word  addressed  by  PCO  onto  the  Data  Bus. 
The  value  on  the  Data  Bus  is  then  moved  to  the  low  order  byte  of 
DCO  by  all  devices. 

0      1111 

OF 

L 

The  interrupting  device  with  highest  priority  must  place  the  low  order 
byte  of  the  interrupt  vector  on  the  Data  Bus.  All  devices  must  copy 
the  contents  of  PCO  into  PC  1.  All  devices  must  move  the  contents  of 
the  Data  Bus  into  the  low  order  byte  of  PCO. 

10     0     0     0 

10 

L 

Inhibit  any  modification  to  the  interrupt  priority  logic, 

10     0     0      1 

11 

L 

The  device  whose  memory  space  includes  the  contents  of  PCO  must 
place  the  contents  of  the  addressed  memory  word  on  the  Data  Bus. 
All  devices  must  then  move  the  contents  of  the  Data  Bus  to  the  up1- 
per  byte  of  DCO. 

10     0      10 

12 

L 

All  devices  copy  the  contents  of  PCO  into  PC  1.  All  devices  then  move 
the  contents  of  the  Data  Bus  into  the  low  order  byte  of  PCO. 
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Table  2-1.  ROMC  Signals  And  What  They  Imply  (Continued) 


ROMC 
4      3      2      10 

HEX 

CYCLE 
LENGTH 

FUNCTION 

10     0      1      1 

13 

L 

The  interrupting  device  with  highest  priority  must  move  the  high 
order  half  of  the  interrupt  vector  onto  the  Data  Bus.  All  devices  must 
move  the  contents  of  the  Data  Bus  into  the  high  order  byte  of  PC0. 
The  interrupting  device  witl  reset  its  interrupt  circuitry  (so  that  it  is  no 
longer  requesting  CPU  servicing  and  can  respond  to  another  inter- 
rupt). 

10      10     0 

14 

L 

All  devices  move  the  contents  of  the  Data  Bus  into  the  high  order 
byte  of  PC0„ 

10      10      1 

15 

L. 

All  devices  move  the  contents  of  the  Data  Bus  into  the  high  order 
byte  of  PCI. 

10      110 

16 

L 

All  devices  move  the  contents  of  the  Data  Bus  into  the  high  order 
byte  of  DC0. 

10      111 

17 

L 

All  devices  move  the  contents  of  the  Data  Bus  into  the  low  order 
byte  of  PC0. 

110     0     0 
110     0      1 

18 
19 

L 
L 

All  devices  move  the  contents  of  the  Data  Bus  into  the  low  order 
byte  of  PC1. 

All  devices  move  the  contents  of  the  Data  Bus  into  the  low  order 
byte  of  DC0. 

110      10 

1A 

L 

During  the  prior  cycle  an  1/0  port  timer  or  interrupt  control  register 
was  addressed.  The  device  containing  the  addressed  port  must 
move  the  current  contents  of  the  Data  Bus  into  the  addressed  port. 

110      11 

1B 

L 

During  the  prior  cycle  the  Data  Bus  specified  the  address  of  an  I/O 
port.  The  device  containing  the  addressed  I/O  port  must  place  the 
contents  of  the  I/O  port  on  the  Data  Bus.  (Note  that  the  contents  of 
timer  and  interrupt  control  registers  cannot  be  read  back  onto  the 
Data  Bus.) 

1110     0 

1C 

LorS 

None, 

1110      1 

1D 

S 

Devices  with  DC0  and  DC1  registers  must  switch  registers.  Devices" 
without  a  DC1  register  perform  no  operation. 

11110 

IE 

L 

The  device  whose  address  space  includes  the  contents  of  PC0  must 
place  the  low  order  byte  of  PC0  onto  the  Data  Bus, 

11111 

1F 

L 

The  device  whose  address  space  includes  the  contents  of  PC0  must 
place  the  high  order  byte  of  PC0  on  the  Data  Bus. 
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F8  TIMING  AND  INSTRUCTION  EXECUTION 

All  instructions  are  executed  in  cycles,  which  are  timed  by  the  trailing  edge  of 
WRITE. 

There  are  two  types  of  instruction  cycle,  the  short  cycle  which  is  four  <l>  clock  periods 
long,  and  the  long  cycle  which  is  six  <i>  clock  periods  long.  The  long  cycle  is  sometimes  refer- 
red to  as  1.5  cycles.  WRITE  high  appears  only  at  the  end  of  an  instruction  cycle.  Timing  may  be  il- 
lustrated as  follows: 


Start  of 
new 
cycle 


End  of 
short 
cycle 


End  of 
long 
cycle 


The  simplest  instructions  of  the  F8  instruction  set  execute  in  one  short  cycle.  The  most  complex 
instruction  (PI)  requires  two  short  cycles  plus  three  long  cycles. 

Table  2-3  summarizes  the  sequence  in  which  short  (S)  and  long  {!_)  machine  cycles 
are  executed  for  each  F8  instruction.  ROMC  states  defining  operations  performed 
during  each  machine  cycle  are  summarized  in  Table  2-1. 

A  SUMMARY  OF  F8  INTERRUPT  PROCESSING 

The  interrupt  handling  capabilities  of  the  F8  system  are  described  with  the  3851 
PSU  and  3853  SMI  devices.  Although  many  different  interrupt  priority  arbitration 
schemes  could  be  implemented,  the  simplest  scheme  would  be  to  daisy  chain 
3851  PSUs,  terminating  the  daisy  chain  with  a  3853  SMI  if  present. 

As  soon  as  an  interrupt  is  acknowledged,  the  contents  of  Program  Counters  (PCO)  are  saved  in 
Stack  registers  (PCD;  then  an  interrupt  vector  address  is  loaded  into  the  Program  Counters.  This 
address  is  a  permanent  mask  option  for  PSUs,  with  the  exception  of  bit  7,  which  discriminates 
between  timer  interrupts  and  external  interrupts.  The  interrupt  address  vector  is  completely  pro- 
grammable for  the  3853  SMI,  again  with  the  exception  of  bit  7,  which  discriminates  between 
timer  interrupts  and  external  device  interrupts. 

Post- interrupt  housekeeping  operations  must  be  handled  via  an  appropriate  program.  Defining 
just  what  this  program  consists  of  is  not  simple;  an  F8  system  has  only  the  Accumulator  and 
Status  register  which  must  be  saved,  but  at  the  other  extreme,  it  has  the  entire  scratchpad  which 
could  be  saved. 

THE  F8  INSTRUCTION  SET 

Table  2-2  summarizes  the  F8  instruction  set;  instructions  are  grouped  into  catego- 
ries that  conform  with  our  hypothetical  microcomputer  instruction  set,  as  de- 
scribed in  Volume  I,  Chapter  7. 

With  reference  to  Table  2-2,  refer  to  the  F8  addressing  modes  description  for  an  explanation  of 
"r".  which  occurs  in  the  operand  column  to  represent  some  of  the  scratchpad  addressing  op- 
tions. 

One  of  the  more  confusing  aspects  of  F8  programming  is  to  understand  the  ways  in  which  data 
may  be  moved  between  different  registers;  this  information  is  therefore  summarized  in  Fiqure 
2~4„ 
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The  following  symbols  are  used  in  Table  2-2: 


A 

ADDR 

C 

DATA3 

DATA4 

DATA5 

DCO 

DC1 

DPCHR 

DISP 
FMASK 


I 

ISAR 

J 

K 

0 

P4 

P8 

PCO 

PC1 

Q 


R 
S 

SR 
TMASK 


The  Accumulator 

A  16-bit  memory  address 

Carry  status 

A  3-bit  binary  data  unit 

A  4-bit  binary  data  unit 

A  5-bit  binary  data  unit 

Data  Counter  register 

Data  Counter  buffer 

Scratchpad  Data  or  Program  Counter  Half  Registers.  These  are  KU  (Register 

12),  KL  (Register  1-3).  QU  (Register  14}  and  QL  (Register  15) 

An  8-bit  signed  binary  address  displacement. 

A  4-bit  mask  composed  of  a  portion  of  the  Status  register  (W): 

3     2     10     -^ Bit  No. 

—     FMASK 


u. 


ttt 


-  Sign  status 

-  Carry  status 
"•  Zero  status 

*  Overflow  status 


Scratchpad  Data  Counter  Register  H  (Registers  10  and  11). 

The  Interrupt  Control  Bit  in  the  Status  register  (W) 

Indirect  Scratchpad  Address  Register 

Scratchpad  Register  9 

Scratchpad  Registers  12  and  13 

Overflow  status 

A  4-bit  I/O  port  number 

An  8-bit  I/O  port  number 

Program  Counter 

Stack  register 

Scratchpad  Registers  14  and  15 

Any  of  the  following  operands  and  Scratchpad  addressing  modes: 

R      direct  address  of  bytes  0  through  1 1 

S      implied  addressing  via  ISAR 

I       implied  addressing  via  ISAR,  with  auto-increment 
of  the  low  order  three  ISAR  bits 

D      implied  addressing  via  ISAR,  with  auto-decrement 
of  the  low  order  three  ISAR  bits 
A  Scratchpad  register  number  in  the  range  0-11 
Sign  status 

The  register  specified  by  the  r  argument 
A  3-bit  mask  composed  of  a  portion  of  the  Status  register  (W): 

Bit  No. 
TMASK 


Sign  status 

1  Carry  status 

Zero  status 


?     1     o      ^ 

11 II*- 

III 

\* 
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W  The  CPU  Status  register 

Z  Zero  status 

x  <y.z  >  Bits  y  through  z  of  the  quantity  x.  For  example,  A  <3,0  >  represents  the  low  order  four 

bits  of  the  Accumulator;  ADDR<15,8>  represents  the  high  order  8  bits  of  a  16-bit 

memory  address. 

[  1  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed  with- 

in the  brackets,  then  the  designated  register's  contents  are  specified.  If  an  I/O  port 
number  is  enclosed  within  the  brackets,  then  the  I/O  port  contents  are  specified.  ,lf  a 
memory  address  is  enclosed  within  the  brackets,  then  the  contents  of  the  addressed 
memory  location  are  specified. 

[[  ]]        Implied  memory  addressing;  the  contents  of  the  memory  location  or  register  designated 

by  the  contents  of  a  register. 
A  Logical  AND 

V  Logical  OR 

V  Logical  Exclusive  OR 

«—  Data  is  transferred  in  the  direction  of  the  arrow. 

«  ►  Data  is  exchanged  between  the  two  locations  designated  on  either  side  of  the  arrow. 
Under  the  heading  of  STATUSES  in  Table  2-2,  an  X  indicates  statuses  which  are  modified  in  the 
course  of  the  instructions'  execution.  If  there  is  no  X,  it  means  that  the  status  maintains  the  value 
it  had  before  the  instruction  was  executed.  A  0  or  1  means  the  status  is  cleared  or  set,  respec- 
tively. 
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THE  BENCHMARK  PROGRAM 

Now  consider  our  benchmark  program;  for  the  F8  it  looks  like  this: 

LOAD  TABLE  BASE  ADDRESS 
LOAD  DISPLACEMENT  TO  FIRST  FREE  BYTE 
ADD  TO  BASE  ADDRESS 
SAVE  THIS  ADDRESS  IN  DC1 
LOAD  I/O  BUFFER  BASE  ADDRESS 
LOOP  LM  LOAD  NEXT  BYTE  FROM  I/O  BUFFER 

SWITCH  ADDRESSES 
STORE  IN  NEXT  BYTE  OF  TABLE 
SWITCH  ADDRESSES 
.  DECREMENT  I/O  BUFFER  LENGTH 
RETURN  IF  NOT  END 

IF  END,  STORE  SECOND  BYTE  OF  CURRENT 
TABLE  ADDRESS  AS  DISPLACEMENT  TO 
FIRST  FREE  BYTE 

The  benchmark  program  above  makes  the  following  assumptions: 


DCI 

TABLE 

LM 

ADC 

XDC 

DCI 

IOBUF 

LM 

XDC 

ST 

XDC 

DS 

0 

BNZ 

LOOP 

LR 

H,DC 

LR 

A,HL 

DCI 

TABLE 

ST 

The  I/O  buffer  can  be  located  anywhere  in  read-write  memory. 

The  number  of  occupied  bytes  in  the  I/O  buffer  is  maintained  in  scratchpad  byte  0.  Thus 
decrementing  scratchpad  byte  0  to  zero  provides  the  I/O  buffer  length. 
The  permanent  data  table  beginning  memory  address  has  all  Os  for  the  low  order  eight  bits: 

xxxxxxxxoooooooo 

Binary  representation  of  permanent  table  beginning  memory  address 
X  mav  be  0  or  1 

The  table  is  not  more  than  256  bytes  long,  and  the  displacement  to  the  first  free  byte  is 
stored  in  the  first  byte  of  the  table.  Since  the  table  beginning  address  has  Os  in  the  low  order 
eight  bits,  the  displacement  to  the  first  free  byte  also  becomes  the  low  order  eight  bits  of  the 
first  free  byte  address: 


Table  beginning  address 


PQOO 

RS 

! 

PQRS 

Address  of  first  free  byte 


PQ  and  RS  are  hexadecimal  digits 

All  of  the  above  assumptions  are  valid  —  and  depending  upon  the  application,  may  also  be 
realistic.  Removing  any  of  the  above  assumptions  will  make  the  F8  program  longer,  by  removing 
one  of  the  inherent  strengths  of  the  F8  instruction  set. 
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ACCUMULATOR 


C 


> 


1XM  I  I  I  I  I  h 


LRr.A 
"lURA, 


CPU 
GENERAL 
REGISTERS 


Register 
Address 
Pointer 


L> 


MXM.I  INK 


LRJ.W 


ICB 

OVERFLOW 

ZERO 

CARRY 

SIGN 


^J 


15        DATA  COUNTER 


Memory 
Address 
Pointer 


IB 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

J 

A 

H 

B 

!jH 

C 

Kl 

D 

';k'    "' 

E 

Q 

F 

Q 

10 

« 

« 
• 
• 

3F 

LR  DC,H 
LR  H,DC 
LR  DC,G 
LRQ,DC 


f 


Interrupt, 


15    PROGRAM  COUNTER     0 


si     r 


LRP.K 


POP 

I 

1S     STACK  POINTER 


Interrupt 
Reset 


T       Reset 


LRK,P 


< 


Figure  2-4.  Instructions  That  Move  Data  Between  The  Scratchpad  And  Various  Registers 
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Table  2-3,  Timing  And  ROMC  States  For  F8  Instruction  Set 


OPERAND(S) 


ADC 

AI 

AM 

AMD 

AS 
ASD 

BF 
Branch 


No 
Branch 


7    / 

anch  \ 


No  Branch 
Branch" 

BT 

No 

Branch 

Branch 

CI 

CM 

COM 
DCI 


DS 
El 


INC 
INS 


INS 


DATA4.DISP 


Oor  1 

2 
through 
15 
(INTERRUPT) 


L 
S 
L 
S 
L 
S 
L 
S 
S 
S 
S 
S 
L 
S 
S 
S 

s 
s 
s 

L 
S 
S 
S 
S 
S 
L 
S 
L 
S 
L 
S 
S 
L 
S 
L 
S 
S 

s 
s 

L 
S 
S 
L 
I 
S 
S 

s 
s 

L 
L 
S 
L 
L 
L 
S 


ROMC 
STATE 


A 
0 
3 
0 
2 
0 
2 
0 
0 
1C 
0 
1C 
t 
0 
1C 
3 
0 
3 
0 
1 

0 
1C 
3 
0 
1C 
1 
0 
3 
0 
2 
0 
0 
11 
3 
E 
3 
0 
1C 
0 
0 
1C 
0 
3 

1B 
0 
0 
1C 
0 
1C 
1B 
0 
1C 
08 
13 
0 


MNEMONIC 


LIS 
LISL 
LISU 

LM 

LNK 
LR 
LR 
LR 
LR 
LR 
LR 
LR 


Nl 
NM 


NS 
Ol 


OPERAND(S) 


DATA8 

DATA4 
DATA3 
DATA3 


A,IS 
A,KL 
A,KU 
A,QL 
ArQU 

A,r 
DC0,H 


LR 

!S,A 

LR 

J,W 

LR 

K,P 

LR 

KL,A 

LR 

KU,A 

LR 

P,K 

Q,DC0 


LR 

QUA 

LR 

QU,A 

LR 

r,A 

LR 

W,J 

CYCLE 


L 
L 
L 
S 
L 
S 
S 
S 
S 
L 
S 
S 
S 

s 

S 
S 

s 
s 

L 

L 

S 

L 

L 

S 

L 

L 

S 

S 

S 

L 

L 

S 

S 

S 

L 

L 

S 

L 

L 

S 

L 

L 

S 


ROMC 
STATE 


3 

C 

14 

0 

3 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

16 

19 

0 

16 

19 

0 

6 

9 

0 

0 

0 

7 

B 

0 

0 

0 
15 
18 

0 


S 

0 

s 

0 

s 

0 

s 

1C 

s 

0 

L 

3 

S 

0 

L 

2 

S 

0 

S 

0 

L 

3 

S 
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Table  2-3.  Timing  And  ROMC  States  For  F8  Instruction  Set  (Continued) 


ROMC 

MNEMONIC 

OPERAND  (S) 

CYCLE 

STATE 

OM 

L 

2 

S 

0 

OUT 

P8 

L 

3 

L 

1A 

S 

0 

OUTS 

Oor  1 

S 

1C 

S 

0 

OUTS 

2 

L 

1C 

through 

L 

1A 

15 

S 

0 

PI 

ADDR 

L 

3 

S 

L 

D 
C 

L 

14 

S 

0 

PK 

L 

12 

L 

14 

S 

0 

POP 

S 

4 

S 

0 

(RESET) 

s 

1C 

L 

8 

S 

0 

SL 

1 

S 

0 

SL 

4 

s 

0 

SR 

1 

s 

0 

SR 

4 

s 

0 

ST 

L 

5 

s 

0 

Xi 

DATA8 

L 

3 

S 

0 

XM 

L 

2 

s 

0 

XS 

r 

s 

0 

The  following  symbols  are  used  in  Table  2-4: 

aaaa      Four  bits  choosing  the  register  addressing  mode; 
0000-101 1     Registers  0  -  B  directly  addressed 

1100  ISAR  addresses  the  register 

1101  ISAR  addresses  the  register  Increment  low  three  bits  of  ISAR, 

1110  ISAR  addresses  the  register.  Decrement  low  three  bits  of  ISAR. 

1111  NOP.  No  operation  is  performed  if  aaaa  =  F16. 

cc         Two  bits  choosing  a  Scratchpad  register: 
00- -KU    Scratchpad  Register  12 
01--KL    Scratchpad  Register  13 
10--QU    Scratchpad  Register  14 
11--QL    Scratchpad  Register  15 

d  One  bit  of  immediate  data. 

eeee     A  4-bit  port  number. 

QQQQ  A  16-bit  address. 
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RR         An  8-bit  signed  displacement 

SS         An  8-bit  port  number. 

When  two  numbers  are  given  in  the  "Machine  Cycles"  column  (for  example  3/3  5),  the  first  is  the 
execution  time  if  no  branch  is  taken,  and  the  second  is  execution  time  if  the  branch  is  taken. 

Table  2-4.  F8  Instruction  Set  Object  Code 


OBJECT 

MACHINE 

OBJECT 

MACHINE 

INSTRUCTION 

CODE 

BYTES 

CYCLES 

INSTRUCTION 

CODE 

BYTES 

CYCLES 

ADC 

8E 

1 

2.5 

LNK 

19 

1 

At  DATA8 

24     YY 

2 

2.5 

LR  A.DPCHR 

OOOOOOcc 

1 

AM 

88 

1 

2.5 

LR  A,IS 

OA 

1 

AMD 

89 

1 

2.5 

LR  A,r 

OlOOaaaa 

1 

AS  r 

1 100aaaa 

1 

1 

LR  DC,H 

10 

4 

ASD  r 

1101aaaa 

1 

2 

LR  DC,Q 

OF 

4 

BC  DISP 

82     RR 

2 

3/3.5 

LR  DPCHR,A 

OOOOOIcc 

1 

BF  DATA4.DISP 

1001dddd 
RR 

2 

3/3.5 

LR  H,DC 
LR  IS,A 

11 
OB 

4 
1 

BM  DISP 

91     RR 

2 

3/3.5 

LR  J,W 

1E 

1 

BNC  DISP 

92     RR 

2 

3/3.5 

LR  K,PC1 

08 

4 

BNO  DISP 

98     RR 

2 

3/3.5 

LR  PC0,Q 

OD 

4 

BNZ  DISP 

94     RR 

2 

3/3.5 

LR  PC1,K 

09 

4 

BP  DISP 

81     RR 

2 

3/3.5 

LR  Q,DC 

OE 

4 

BR  DfSP 

90     RR 

2 

3.5 

LR  r,A 

0101aaaa 

1 

BR7     DISP 

8F     RR 

2 

3/3.5 

LR  W,J 

1D 

2 

BT  DATA3,DISP 

10000ddd 

2 

3/3.5 

Nl  DATA8 

21     YY 

2.5 

RR 

NM 

8A 

2.5 

BZ  DISP 

84 
RR 

2 

3/3.5 

NOP 
NS  r 

2B 

1111aaaa 

1 
1 

CI  DATA8 

25     YY 

2 

2.5 

Ol  DATA8 

22     YY 

2.5 

CLR 

70 

1 

OM 

8B 

2.5 

CM 

8D 

2,5 

OUT  P8 

27     SS 

4 

COM 

18 

1 

OUTS  P4 

1011eeee 

4 

DCI  ADDR 

2A     QQQQ 

6 

P!  ADDR 

28     QQQQ 

6,5 

Dl 

1A 

2 

PK 

OC 

4 

DS  r 

001 1aaaa 

1.5 

POP 

1C 

2 

El 

1B 

2 

SL   1 

13 

1 

IN  P8 

26     SS 

4 

SL  4 

15 

1 

INC 

1F 

1 

SR   1 

12 

1 

INS  P4 

1010eeee 

4 

SR  4 

14 

1 

JMP  ADDR 

29     QQQQ 

5,5 

ST 

17 

2.5 

LI  DATA8 

20     YY 

2.5 

XDC 

2C 

2 

US  DATA4 

0111dddd 

1 

XI  DATA8 

23     YY 

2.5 

USL  DATA3 

01101ddd 

1 

8C 

LISU  DATA3 

OllOOddd 

1 

2.5 

XS  r                  1 

1110aaaa 

1 

LM 

16 

2.5 

1 

if 

1 

1— J 
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THE  3851  PROGRAM  STORAGE  UNIT  (PSU) 

This  has  been  the  principal  read-only  program  storage  device  in  small  F8 
microcomputer  systems. 

Figure  2-5  illustrates  functions  provided  by  the  3851  PSU.  Device  pins  and  signals  are 
given  in  Figure  2-6 

In  the  future,  the  3851  PSU  is  likely  to  be  rendered  obsolete  by  the  3856  and  3857  16K 
Programmable  Storage  Units  An  erasable,  programmable  read-only  memory  (EPROM) 
version  of  the  3851  PSU  is  also  likely  to  be  made  available 

As  shown  in  Figure  2-5,  the  3851  PSU  is,  in  fact,  more  than  a  ROM  unit.  However, 
we  will  begin  the  description  of  this  device  by  describing  its  program  storage 
capabilities. 


Every  3851   PSU  has  1024  bytes  of  read-only  memory,  the       PSU 
contents  of  which  must  be  defined  at  the  time  the  chip  is  ere-       ADDRESS 
ated.  There  is  also  a  6-bit  page  select  mask,  which  must  be       SPACE 
specified  when  the  chip  is  created;  the  page  select  represents    *— — 
the  high  order  six  bits  of  the  memory  address  for  all  ROM  bytes  of  the  PSU.  As 
such,  the  page  select  defines  the  PSU's  address  space. 

Recall  that  every  3851  PSU  contains  its  own  memory  addressing  logic,  which  accesses 
a  Data  Counter  (DCO),  a  Program  Counter  (PCO)  and  a  Stack  register  {PCD.  When  a 
ROMC  state  output  by  the  3850  CPU,  and  received  by  the  3851  PSU,  identifies  a 
memory  reference  operation,  the  ROMC  state  also  identifies  whether  the  memory  ad- 
dress is  to  be  found  in  PCO  or  in  DCO  In  response  to  this  ROMC  state,  PSU  memory  ad- 
dressing logic  will  compare  its  6-bit  page  select  mask  with  the  high  order  six  bits  of  the 
specified  address  register's  contents: 

15  14  13  12  1110    9    8    7   6   543210       Bit  No. 

PCO  or  DCO 


|x|x|x|x|x|x|    1   1    1    1   11    M    1    1 

j  i 

JY|y[y|y|y|yJ    Page  Select  Mask 


If  there  is  coincidence,  the  3851  PSU  will  respond  to  the  memory  reference  operation;  if 
there  is  no  coincidence,  the  3851  PSU  addressing  logic  modifies  the  contents  of  ad- 
dress registers,  as  might  be  required  by  the  ROMC  state,  but  it  does  not  respond  to  the 
actual  memory  reference  instruction. 

In  addition  to  having  read-only  memory  and  memory  addressing  logic,  the  3851 
PSU  has  two  I/O  ports,  interrupt  request  and  priority  handling  logic  and  a  program- 
mable timer. 

Two  I/O  ports  are  available  on  the  3851  PSU  for  much  the  same  reason  they  are  availa- 
ble on  the  3850  CPU  The  3851  PSU  needs  no  address  pins  since  the  source  and 
destination  for  address  information  flow  is  entirely  within  the  3851  PSU;  from  the  Data 
Counter,  or  the  Program  Counter,  to  read-only  memory  on  the  PSU  chip.  The  16  pins 
that  would  normally  be  used  to  input  or  output  addresses  instead  provide  two  I/O  ports 

interrupt  logic  and  the  programmable  timer  logic  are  con- 
nected. 


PROGRAMMABLE 
TIMER 


The  basic  time  unit  of  the  programmable  timer  is  31  times  the 

microcomputer  system  clock  frequency.  The  timer  can  be  programmed  to  time-out 
after  any  number  of  time  intervals  in  the  range  0  to  254  The  programmable  timer  can 
also  be  stopped  by  loading  it  with  FF-jq  A  time-out  is  marked  by  a  timer  interrupt  re- 
quest. 
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Description 


Type 


t/O  AO  -  I/O  A7 

I/O  Port  A 

Input/Output 

I/O  BO  -  I/O  B7 

I/O  Port  B 

Input/Output 

DBO  -  DB7 

Data  Bus 

Tristate,  Bidirectional 

ROMCO  -  ROMC4 

Control  Lines 

Input 

#,  WRITE 

Clock  Lines 

Input 

EXT  INT 

External  Interrupt 

Input 

PRI  IN 

Priority  In 

Input 

PRI  OUT 

Priority  Out 

Output 

INT  REQ 

interrupt  Request 

Output 

DBDR 

Data  Bus  Drive 

Output 

vss,  vdd-  vqg 

Power  Supply  Lines 

Input 

F8PSU 

INTERRUPT 

LOGIC 


Figure  2-6.  3851  PSU  Signals  And  Pin  Assignments 
Interrupt  request  and  priority  arbitration  logic  works  as  follows: 

Interrupt  requests  may  arrive  from  two  sources:  the  programmable  timer, 
as  described  above,  or  from  an  external  device.  Under  program  control 
you  select  which  of  the  two  interrupts  (if  either)  is  going  to  be 
acknowledged. 

The  3851  PSU  has  a  "priority  in"  and  a  "priority  out"  signal.  Typically  the  "priority  in"  signal  will 
be  the  ICB  signal  from  the  3850  CPU,  or  it  will  be  the  "priority  out"  signal  from  another  device  in 
an  F8  system. 

If  the  "priority  in"  signal  is  true,  and  an  interrupt  request  which  can  be  acknowledged  is  true,  then 
"priority  out"  is  output  false,  and  an  interrupt  is  transmitted  to  the  3850  CPU. 

If  the  "priority  in"  is  true,  but  a  valid  interrupt  request  is  not  pending,  then  "priority  out"  is  passed 
on  true. 

If  "priority  in"  is  false,  then  no  interrupt  request  can  be  acknowledged,  and  "priority  out"  is 
passed  on  as  false. 

Another  mask  option  of  the  3851  PSU  is  an  interrupt  address  vector.  Once  an  inter- 
rupt has  been  acknowledged  by  the  CPU,  the  address  in  the  interrupt  vector  is  transmitted  to  the 
Program  Counter  of  the  3851  PSU,  and  the  Program  Counters  of  any  other  memory  devices  in 
the  F8  system.  This  becomes  the  address  at  which  execution  continues;  that  is,  it  is  the  begin- 
ning address  of  the  interrupt  service  routine. dedicated  to  this  individual  3851  PSU. 
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One  bit  of  the  interrupt  address  vector  (it  is  bit  7)  is  set  or  reset  to  identify  the  interrupt  request  as 
external,  or  as  coming  from  the  PSU's  programmable  timer: 

15  14  13  12  11  10    9    8    7  6   5   4   3   2    1    0 

Interrupt  Address 


I  I   I  I  1  I  I  I  I  I  Ml  II  I  I 


Vector 


A 


Set  to  0  for  a  programmable  timer  interrupt, 

set  to  1  otherwise 

All  other  bits  are  unalterable-  mask  options 


THE    3856    AND    3857    16K    PROGRAMMABLE 

STORAGE 
UNITS  (16K  PSU) 

These  two  devices  are  enhancements  of,  and  replacements  for  the  3851  PSU 
which  we  have  just  described. 

An  interesting  characteristic  of  microcomputer  devices  is  that  residual  markets  remain  for  pro- 
ducts long  after  enhancements  have  appeared  on  the  market.  This  is  unlikely  to  be  true  for  the 
385 1  PSU.  The  3856  and  3857  1 6K  PSUs  offer  advantages  over  the  385 1  PSU  that  are  significant 
enough  to  render 'the  3851  PSU  obsolete. 

Superficially.  Figure  2-5  represents  the  logic  implemented  on  all  three  PSUs  —  the  3851,  3856 
and  3857.  Table  2-5  summarizes  the  differences  between  the  devices.  These  are 
the  most  significant  features  of  the  3856  and  3857  PSUs: 

1 )  RESET  sets  all  I/O  port  pins  and  address  lines  to  zero.  In  the  385 1  PSU  RESET  leaves  I/O  port 
pins  indeterminate  —  and  this  has  caused  problems  in  many  applications. 

2)  The  Interval  Timers  of  the  3856  and  3857  PSUs  are  binary  decrementers  rather  than 
polynomial  shifters  —  with  the  result  that  you  can  read  timer  contents  directly  and  determine 
lapsed  times.  Also  a  programmable  option  allows  you  to  measure  pulse  widths  being  input  to 
the  PSU. 

3)  The  3857  PSU  uses  the  16  pins  of  the  two  8-bit  I/O  ports  for  16  address  lines,  so  that  addi- 
tional ROM  or  RAM  can  be  interfaced  directly  to  a  3857  PSU  —  without  requiring  a  3852 
DMI  or  3853  SMI,  as  was  the  case  with  the  3851  PSU. 

4)  The  3856  and  3857  PSUs  both  provide  2K  bytes  of  ROM  for  program  storage;  this  is  twice 
the  program  memory  available  on  the  3851  PSU.  This  significantly  increases  the  scope  of 
two-plevice  F8  microcomputer  systems. 

THE  3852  DYNAMIC  MEMORY  INTERFACE  (DMI) 

Primarily  this  device  contains  the  necessary  address  generation  and  memory 
refresh  logic  needed  to  include  dynamic  read-write  memory  in  an  F8  system. 

Because  of  the  way  in  which  the  F8  microcomputer  system  is  organized, 
however,  memory  refresh  and  direct  memory  access  logic  are  closely  related. 
That  is  why,  in  Figure  2-9,  a  small  part  of  the  direct  memory  access  control  logic  is 
shown  as  being  implemented  on  the  3852  DMI  chip. 
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Pin  Name 

Description 
I/O  Port  A 

Type 

I/O  AO  -  I/O  A7 

In  put/  Output 

I/O  BO  -  I/OB7 

I/O  Port  B 

Input/Output 

STROBE 

STROBE  for  I/O  Port  A 

Output . 

DBO  -  DB7 

Data  Bus 

Tristate,  Bidirectional 

ROMCO  -  ROMC4 

Control  Lines 

Input 

<I>,  WRITE 

Clock  Lines 

Input 

EXT  INT 

External  interrupt 

Input 

PRI  IN 

Priority  In 

Input 

PRI  OUT 

Priority  Out 

Output 

INT  REQ 

Interrupt  Request 

Output 

DBDR 

Data  Bus  Drive 

Output 

vss.  vdd.  vgg 

Power  Supply  Lines 

Figure  2-7.  3856  PSU  Signals  And  Pin  Assignments 
Figures  2-7  and  2-8  illustrate  the  pins  and  signals  of  the  3856  and  3857  16K  PSUs  respectively. 
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Table  2-5.  A  Summary  Of  Differences  Between  3851,  3856  And  3857  PSUs 


FUNCTION 

3851  PSU 

3856  PSU 

3857  PSU 

ROM 

I/O  Ports 

Address  lines 

1024  bytes 

2x8  bits 

None 

2048  bytes 

2x8  bits 

None 

2048  bytes 

None 

16 

Interrupt 
signals 

Priority  in  and 
Priority  out 

Priority  in  and 
Priority  out 

Priority  in  only. 
Must  be  end  of 

Interrupt 
options 

Enable  timer  or 
external,  but  not 
both 

Enable  timer  and/or 
external 

daisy  chain. 
Enable  timer  and/or 
external 

Timer  register 
Timer  decrement 

interval 
Timer  stop/start 

control 

B~Dit  Polynomial 
31  clock  cycles 

No 

8-bit  Count  down 

2,  8,  32  or  128 

clock  cycles 

Yes 

8-bit  Count  down 

2,  8,  32  or  128 

clock  cycles 

Yes 

Timer  readback 
Timer  read 
pulse  width? 

No 
No 

Yes 
Yes 

Yes 
Yes 

RESET  zero 
I/O  ports? 

No 

Yes 

No  I/O  ports 

ADDR10   *■* 

1 

40 

DB7 

ADDR09    "< 

2 

39 

DB6 

vgg   

3 

38 

ADDR12 

vdd  

4 

37 

ADDR13 

EXT  INT    >■ 

5 

36 

ADDR14 

ADDR15    ** 

6 

35 

ADDR11 

WRITE    ►- 

7 

34 

DB5 

*    *■ 

8 

33 

DB4 

INTREQ   -4 

9 

3857 

32 

ADDR07 

PRI  IN    > 

10 

16K  PSU 

31 

ADDR00 

DBDR   *< 

11 

30 

ADDR01 

CPL£READ   •< 

12 

29 

ADDR03 

ROMC4    >- 

13 

28 

DB3 

ROMC3    > 

14 

27 

■«-*- 

DB2 

ROMC2    > 

15 

26 

*-*■ 

ADDR04 

ROMC1     >> 

16 

25 

ADDR05 

ROMC0    *» 

17 

24 

ADDR02 

vss  

18 

23 

ADDR08 

ra"m~  WrTTe  -<4 — 

19 

22 

DB1 

ADDR06    "^ 

20 

21 

DBO 

Pin  Name 

Description 

Type 

ADDR00-ADDR15 

Address  Lines 

Output 

CPU  READ 

Memory  Read  Enable 

Output 

RAM  WRITE 

Memory  Write  Signal 

Output 

DBO  -  DB7 

Data  Bus 

Tristate,  Bidirectional 

ROMC0  -  ROMC4 

Control  Lines 

nput 

<t>,  WRITE 

Clock  Lines 

nput 

EXT  INT 

External  Interrupt 

nput 

PRI  IN 

Priority  In 

nput 

INT  REQ 

Interrupt  Request 

Output 

DBDR 

Data  Bus  Drive 

Output 

vss.  Vdd-  vgg 

Power  Supply  Lines 

Figure  2-8.  3857  PSU  Signals  And  Pin  Assignments 
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Figure  2-10  illustrates  pins  and  signals  of  the  3852  DMI. 

Conceptually,  memory  addressing  logic  of  the  3852  DMI  is  very  similar  to  3857 
PSU  memory  addressing  logic;  there  are,  however,  some  differences  between  the 
3852  DMI  memory  addressing  and  the  3851  or  3856  PSU: 

1 )  The  3852  DMI  contains  two  Data  Counters,  DCO  and  DC  1 .  The  presence  of  the  auxiliary  Data 
Counter  (DC1)  has  no  immediate  impact  on  memory  addressing  logic  within  the  3852  DMI. 
However,  as  we  discussed  earlier,  its  presence  in  an  F8  system  that  also  includes  a  3851  PSU 
calls  for  programming  caution, 

2)  Data  and  address  flows  surrounding  a  3852  DMI  are  totally  unlike  the  3851  or  3856  PSU.  In 
the  case  of  these  PSUs,  addresses  are  transmitted  entirely  within  the  logic  of  the  PSU;  the 
only  communication  needed  between  a  PSU  and  the  CPU  is  via  the  eight  Data  Bus  lines  of 
the  System  Bus,  The  DMI,  on  the  other  hand,  generates  a  16-bit  address,  which  it  outputs 
directly  to  the  read-write  memory  which  it  is  controlling. 

These  address  pins  are  equivalent  to  3857  PSU  address  pins  —  that  is,  the  address  pins 
which  a  CPU  would  have,  if  the  CPU  contained  memory  addressing  logic  for  the  microcom- 
puter system.  In  other  words,  the  3852  DMI  creates  the  address  lines  and  control  signals, 
which  so  far  as  the  read -write  memory  is  concerned,  are  lacking  on  the  F8  System  Bus.  The 
F8  System  Bus  does,  however,  contain  data  lines  needed  by  the  read-write  memory  to  ac- 
tually transmit  data  to,  or  from  the  CPU. 

Data  and  address  flows  around  the  3852  DMI  may  be  illustrated  as  follows: 
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Control  lines 

Data  being 
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or  out  from  address   -~~ " 
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Control  lines 
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Space 
Logic 

Master 
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System 
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3)  Unlike  the  3851,-3856  or  3857  PSU,  the  3852  DMI  has  no  on-chip  logic  to  determine  address 
space  for  read-write  memory  which  the  DMI  is  controlling.  Address  space  determination  is 
made  by  logic  in  between  the  DMI  and  the  read-write  memory.  Typically,  selected  high  order 
address  tines  output  by  the  DMI  are  gated  through  elementary  Boolean  logic  components  to 
create  the  master  enable  signal  used  to  strobe  attached  read-write  memory.  This  is  illustrated 
above. 
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Figure  2-10.  3852  DMI  Signals  And  Pin  Assignments 

The  process  of  refreshing  dynamic  memory  and  implementing  direct  memory  ac- 
cess, are  integrally  related  in  an  F8  system. 

The  presence  of  a  separate  DMI  interface  device  means  that 
there  can  be  a  limited  overlap  between  a  memory  reference 
operation  which  was  initiated  by  the  CPU,  and  a  memory 
reference  operation  that  is  not  initiated  by  the  CPU. 

Two  types  of  memory  reference  operations  are  not  initiated  by  the  CPU:  memory 
refresh  and  direct  memory  access. 

Let  us  consider  how  a  direct  memory  access  may  follow  a  CPU-initiated  memory 
read  operation.  These  are  the  events  which  occur: 

1)  Upon  receiving  an  appropriate  ROMC  state  from  the  CPU.  the  3852  DMI  outputs  a  16-bit 
memory  address,  together  with  a  read  strobe;  these  outputs  from  the  3852  DMI  are  received 
by  read-write  memory. 


2) 


Read-write  memory  responds  by  placing  data  directly  on  the  Data  Bus.  The  data  must  remain 
stable  on  the  Data  Bus  until  the  CPU  has  had  time  to  read  the  data. 


3)  While  data  is  stable  on  the  Data  Bus,  DMA  logic  may  apply  a  new 
memory  address  to  read-write  memory.  Following  the  arrival  of  ad- 
dress and  control  signals  at  read-write  memory,  there  is  a  fixed  time 
delay  before  read-write  memory  responds  by  placing  data  on  the 
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Data  Bus.  This  time  delay  can  overlap  with  time  when  prior  data  must  be  stable  on  the  Data 
Bus.  This  may  be  illustrated  as  follows: 


V  Memory  \/      \7  5*^  W 

/Y  Refresh  Address  ^\     /\         Address         /\ 


Data  stable         \/      W" 
-  to  CPU  ^      /\ 


DMA 
Data  Stable 

I     ^^    I 
I  I 

DMI  logic  outputs  control  signals  which  identify  the  way  in  which  each  memory 
access  period  is  being  used;  there  are  three  possibilities: 

1)  Memory  is  communicating  with  the  F8  System  Bus, 

2)  Memory  is  not  communicating  with  the  System  Bus,  but  since  it  is  dynamic  memory  it  is 
being  refreshed. 

3)  Memory  is  not  communicating  with  the  System  Bus  and  is  available  for  external  access, 

Cases  2  or  3  above  may  follow  case  1  in  separate  memory  access  periods  of  the  same  instruction 
cycle. 

THE  3854  DIRECT  MEMORY  ACCESS 
(DMA)  DEVICE 

This  device  receives  memory  access  period  identification  signals  output  by  the 
3852  DMI.  Based  on  the  direct  memory  access  requirements  specified  by  the  cur- 
rently executing  program,  the  DMA  device  accesses  read-write  memory  during 
available  memory  access  periods,  as  defined  by  the  3852  DMI.  Figure  2-1 1  illustr- 
ates 3854  DMA  pins  and  signals. 

These  are  the  variables  which  must  be  specified  for  a  direct  memory  access 
operation: 

1}     The  beginning  address  for  the  memory  buffer  into  which  data  must  be  written,  or  out  of 
which  data  must  be  read 

2)  The  length  of  the  buffer. 

3)  Whether  data  is  to  be  written  or  read  out  of  the  buffer 

Once  a  direct  memory  access  operation  has  been  initiated,  it  proceeds  in  parallel 
with  other  events  occurring  within  the  F8  microcomputer  system,  using  memory 
access  periods  which  are  defined  by  the  3852  DMI  as  available  for  direct  memory 
access.  In  other  words,  direct  memory  access  operations  in  no  way  slow  down  program  execu- 
tion that  may  be  occurring  in  parallel, 

DMA  data  transfer  may  be  high  speed  or  low  speed.  Low  speed  DMA  transfer  means 
that  each  DMA  access  is  enabled  by  a  signal  from  the  external  device  stating  that  it  is  ready  to 
transmit  or  receive  data  High  speed  access  assumes  that  the  external  device  will  always  be  ready 
to  transmit  or  receive  data;  therefore  every  single  available  memory  access  period  is  utilized. 

As  a  direct  memory  access  operation  proceeds,  after  each  access,  the  memory  address  is  incre- 
mented, and  the  buffer  length  is  decremented.  Memory  address,  buffer  length  and  DMA  controls 
are  stored  in  buffers  which  the  CPU  accesses  as  though  they  were  I/O  ports.  The  contents  of 
these  I/O  ports  may  be  written  into,  or  read  at  any  time.  This  means  that  the  F8  DMA 
system  allows  total  flexibility  for  every  type  of  programmable  DMA  operation; 
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these  include  such  things  as  stopping  a  DMA  operation  temporarily,  or  interrogating  a  DMA 
operation,  to  determine  how  far  it  has  progressed. 

Indefinite  DMA  transfer  may  also  be  specified.  In  this  case,  no  buffer  length  is  given, 
rather,  the  DMA  operation  will  proceed  until  stopped: 
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Figure  2-11    3854  DMA  Signals  And  Pin  Assignments 


THE  3853  STATIC  MEMORY  INTERFACE  (SMI) 

The  3853  SMI  provides  interface  logic  for  static  read-write  memory,  that  is,  for 
memory  which  does  not  need  to  be  refreshed.  Logic  implemented  on  this  device  is 
illustrated  in  Figure  2-12,  and  is  a  simple  combination  of  functions  which  have 
already  been  described  for  the  3851  PSU  and  for  the  3852  DMI.  Figure  2-13  il- 
lustrates 3853  SMI  pins  and  signals. 

The  description  of  memory  interface  logic  which  was  given  for  the  3852  DMI  ap- 
plies also  for  the  3853  SMI.  The  3853  SMI,  however,  does  not  identify  memory 
access  periods,  and  cannot  be  used  to  implement  direct  memory  access. 

Because  the  3853  SMI  does  not  have  memory  refresh  or  direct  memory  access  support  logic, 
there  is  unused  real  estate,  on  the  SMi  chip.  The  real  estate  is  used  to  implement  a  programmable 
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timer,  and  interrupt  processing  logic,  as  described  for  the  3851  PSU.  There  are,  however,  two 
small  differences  between  interrupt  logic  as  implemented  on  the  PSU  and  the  SMI  devices;  they 
are: 

1)  The  3853  SMI  interrupt  address  vector  is  not  a  permanent  mask  option,  as  it  is  on  the  PSU. 
rather  it  is  programmable. 

2)  The  3853  SMI  has  no  priority  output  line,  which  means  that  in  a  daisy  chain  interrupt  con- 
figuration it  must  have  lowest  priority;  that  is,  it  must  come  at  the  end  of  the  daisy  chain. 
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Figure  2-13.  3853  SMI  Signals  And  Pin  Assignments 


THE  3859  AND  3870  F8  MICROCOMPUTERS 

These  were  the  first  single  chip,  8-bit  microcomputers  to  be  available  commer- 
cially. 

The  3859  is  manufactured  by  Fairchild  and  is  simply  a  combination  of  the  3850 
CPU  and  the  3851  PSU,  implemented  on  a  single  chip  and  subject  to  certain 
enhancements  and  changes. 
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The  3870  is  manufactured  by  Mostek;  it  is  equivalent  to  a  3850  CPU  plus  a  3856 
PSU.  When  you  compare  the  3870  and  3859,  these  are  the  principal  advantaqes  of 
the  3870: 

1)  The  3870  has  2048  bytes  of  read-only  memory  wher,eas  the  3859  has  1024  bytes 
of  read-only  memory, 

2)  The  chip  manufacturing  technique  used  by  Mostek  for  the  3870  allows  the  ROM 
mask  to  be  defined  during  the  final  chip  creation  step.  This  has  enabled  Mostek  to 
offer  ROM  masking  for  a  $1 000,00  charge.  In  contrast  the  3859  or  any  other  typical 
ROM  masking  charge  will  vary  between  $10,000  and  $15,000 

3)  The  3870  uses  a  single  +5V  power  supply.  The  3859  uses  two  power  sup- 
plies: +5V  and  +12V. 

Figure  2-14  illustrates  that  part  of  our  general  microcomputer  system's  logic 
which  is  provided  by  the  3859  and  3870  microcomputers. 

if  yoU  look  again  at  Figure  2-1.  the  broken  line  which  defines  the  bounds  of  a  minimum 
F8  system  also  defines  the  bounds  of  the  3859  and  3870  microcomputers.  Thus,  the 
3859  and  3870  microcomputers  offer  the  following  logic: 

1)  1024  bytes  of  ROM  for  program  storage  for  the  3859.  This  ROM  must  of  course, 
be  defined  when  you  order  a  3859  microcomputer  The  3870  has  2048  bytes  of 
ROM. 

2)  64  bytes  of  read/write  memory. 

3)  The  standard  CPU  of  the  3850. 

4)  The  standard  memory  addressing  logic  of  the  3851  PSU.  Since  the  3859  has  a 
total  addressable  space  of  1 024  ROM  bytes,  it  only  needs  ten  address  lines.  The  ad- 
dress registers  are  therefore  all  1 0  bits  wide,  rather  than  being  1 6  bits  wide  as  was 
the  case  with  the  3851  PSU.  The  3870,  having  2048  ROM  bytes,  requires  11 -bit  ad- 
dress registers. 

5)  Four  I/O  ports  are  provided,  corresponding  to  the  two  3850  and  two  3851  I/O 
ports.  However,  only  31  of  the  32  I/O  port  pins  support  bidirectional  data.  The  32nd 
pin  is  an  output  only  line 

6)  Clock  logic  is  internal  to  the  3859  and  the  3870  as  is  the  case  with  the  3850  CPU. 
7}     A  programmable  timer  is  provided.  It  is  the  3851  PSU  type  of  timer  rather  than 

the  3856/3857  variety. 
8)     Interrupts  may  be  requested  by  an  interval  timer  timeout,  or  by  external  logic 
•Under  program  control  you  can  enable  one  or  the  other  interrupt  You  cannot  ena- 
ble both  interrupts  simultaneously. 

Note  that  the  external  RESET  signal  which  is  input  to  the  3859  microcomputer  operates 
as  described  for  the  3850  CPU  and  3851  PSU;  the  RESET  enhancements  of  the 
3856/3857  PSUs  are  not  available  Following  a  Reset,  therefore,  I/O  port  pins  of  the 
3859  microcomputer  will  be  undefined. 

The  3859  microcomputer  is  designed  to  operate  with  a  1.5  microsecond  cycle 
time.  The  device  is  manufactured  using  N-channel  Isoplanar  MOS  technology  and 
it  is  packaged  as  a  40-pin  DIP. 
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DATASHEETS 

This  section  contains  electrical  data  and  timing  specifications  for  the  following  F8  devices  dis- 
cussed in  this  chapter: 

3850  CPU 

385 1  Programmable  Storage  Unit 

3852  Dynamic  Memory  Interface 

3853  Static  Memory  Interface 

3854  Direct  Memory  Access  Controller 

ELECTRICAL    SPECIFICATIONS 
ABSOLUTE  MAXIMUM  RATINGS    (above  which   useful   life  may  be   impaired) 


GG 


+15V   to    -.3V 
VDD  +   7V   to  -,3V 

RC,    XTLX   and   XTLY  +15V  to   - .  3V    (RC   with    5K£2    series    resistor) 

All   other   Inputs  +    7V   to   -  .  3  V 

Storage  Temperature  -55°C   to  +150°C 

Operating   Temperature  0°C   to   70°C 


NOTE:      All   voltages  with   respect  to  Vgs. 


DC    CHARACTERISTICS:       V, 


SS   -    0V'    VDD   =    5V±5%'    VGG   =    12V±5%'    TA   =   0    to    70°C 
SUPPLY    CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST  CONDITIONS 

VDD  Current 
VGG  Current 

30 

15 

80 
25 

mA 

mA 

f=2MHz,  Outputs  unloaded 
f-2MHz,  Outputs  unloaded 
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A  Summary  of   38  50  CPU   Signal  AC  Characteristics 
AC  CHARACTERISTICS:   Vss  =  0V,  VDD  =  5V  ±  5%,  VQG  =  12V  ±  .5*,  TA  =  0°C  to  +70°C 


SYMBOL 

PARAMETER 

MIN. 

TYP, 

MAX. 

UNITS 

TEST  CONDITIONS 

Px* 

External   Input  Period 

0.5 

10 

yS 

PW/ 

External   Pulse  Width 

200 

V200 

nS 

t   ,  tf  <_  30  nS 

tx. 

Ext.  to  $  -  to  -  Delay 

20 

no 

nS 

tXp 

Ext.  to  $  +  to  +  Delay 

20 

125 

nS 

p$ 

$  Period 

0.5 

10 

yS 

pw1 

$  Pulse  Width 

180 

P$~180 

nS 

tr?tf*50nS;CL=100pf 

td1 

*  to  WRITE  +  Delay 

60 

150 

250 

nS 

cL  =  100  pf 

td2 

*  to  WRITE  -  Delay 

60 

150 

225 

nS 

CL  *  ] 00  pf 

pw2 
pws 

WRITE  Pulse  Width 
WRITE  Period;   Short 

P$-100 

4P$ 

P* 

nS 

tr,tf=50nS  typ;CL=100pf 

pwl 

WRITE  Period;  Long 

6P$ 

td3 

WRITE  to  ROMC  Delay 

80 

300 

550 

nS 

■cL  =  100  pf 

td4* 

WRITE  to  ICB  Delay 

1,0 

550 
430 

nS 
nS 

uS 

CL  =  50  pf 
cL  =  100. pf 
CL  =  20  pf 

WRITE  to  INT  REQ  Delay 

EXT  RES  set-up  time 

t     * 
su 

I/O  set-up  time 

300 

nS 

V 

I/O  hold  time 

50 

nS 

V 

I/O  Output  Delay 

2.5 

y$ 

CL  =  50  pf 

tdb0* 

WRITE  to  data  bus 
High  Impedance 

250 

500 

nS 

tdbj* 

WRITE  to  DB  Stable 

0.6 

1.3 

yS 

CL  =  TOO  pf 

tdb2 

WRITE  to  DB  Stable 

2P* 

2P$+1.0 

uS 

cL  =  100  pf 

tdb3* 

DB  Set-up 

200 

nS 

tdb4* 

DB  Set-up 

350 

nS 

tdb5 

DB  Set-up 

500 

nS 

tdb6* 

DB  Set-up 

350 

nS 

rThe  parameters  which  are  starred  in  the  table  above  represent  those  which  are  most 
frequently  of  importance  when  interfacing  to  an  F8  system.     These  encompass  I/O 
timing,  external   timing  generation  and  possible.external  RAM  timing.     Unshaded 
parameters  are  typically  those  that  are  only  relevant  between  F8  chips  and  not 
normally  of  concern  to  the  user. 

Input  and  output  capacitance  is  3  to  5  pf  typical  on  all   pins  except  Vnn,  Vrr, 
and  Vss-  uu      bb 
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ELECTRICAL  SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS  (Above  which  useful  life  may  be  impaired) 


VGG 


+15V  to  -0.3V 
+  7V  to  -0.3V 


I/O  Port  Open  Drain  Option  +  15V  to  -0.3V 

External  Interrupt  Input  -600pA  to  225uA 

All  other  Inputs  &  Outputs  +  7V  to  -0.3V 

Storage  Temperature  -55  C  to  +150  C 
Operating  Temperature         0°C  to  +70°C 


NOTE:   All  voltages  with  respect  to  V 


DC  CHARACTERISTICS: 


SS* 


=  0.0V,  VDD  =  +5V+5%,  VGG  =  +12V+5%, 


TA  =  0°C  to  70°C 


SUPPLY  CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST  CONDITIONS 

V  n  Current 
VQG  Current 

30 
10 

70 
18 

mA 
mA 

f=2MHz,  Outputs 
Unloaded 

f=2MHz,  Outputs 
Unloaded 
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A  Summary  of  3851  PSU  Signal  AC  Characteristics 


AC  CHARACTERISTICS:  V, 


SS 


OV,  VnD  -  5V       5%,  VfiG  =  12V       5%.  Tfl  =  0°C  to  +70°C 


SYMBOL 

PARAMETER 

HIN. 

TYP. 

MAX. 

UNITS 

TEST  CONDITIONS 

P* 

*  Period 

.5 

10 

ViS 

PW] 

*  Pulse  Width  h 

180 

P*-180 

nS 

tr,tf=50nS  typ. 

td1 

*  to  WRITE  +  Delay 

60 

250 

nS 

CL=100pf 

td2 

*  to  WRITE  -  Delay 

60 

225 

nS 

CL=100pf 

td4 

WRITE  to  D8  Input  Delay 

2P<H1.0 

nS 

pw2 

WRITE  Pulse  Width 

P*-100 

P* 

nS 

tr,tf=50nS  typ. 

pws 

WRITE  Period;   Short 

4P4» 

PWL 

WRITE  Period;  Long 

6P* 

td3 

WRITE  to  ROMC  Delay 

550 

nS 

td. 

WRITE  to  DB  Output  Delay 

2P*+1 00-td2 

2P*+200 

2P*+850-td„ 

nS 

CL=100pf 

7 

WRITE  to  DBDTT  -  Delay 

2 

td8 

WRITE  to  DBDl"  +  Delay 

200 

nS 

Open  Drain 

tr1 
tr2 

tpr1 

tPr2 

tpd1 

WRITE  to  INT  REQ  -  Delay 

430 
430 
240 
430 
300 

nS 

nS 
nS 
nS 
nS 

CL=100pf  [1] 
CL=100pf  [3] 
CL=100pf  [2] 
CL=100pf 
CL=50pf 

WRITE  to  INT  REQ  +  Delay 

PRI   IN  to  INT  REQ-Delay 

PR  I    IN  to   INT  REQ+Delay 

PRI    IN  to  PRI  OUT-Delay 

tPd2 
tpd3 

tpd4 

PRI    IN  to  PRI  OUT+Delay 

365 

700 
640 

nS 
nS 
nS 

CL=50pf 
CL=50pf 
CL=50pf 

WRITE  to  PRI  OUT+Delay 

WRITE  to  PRI   OUT-Delay 

V 

mm  to  Output  $tafei€ 

2.5 - 

US 

CL=5apf,St6rt.  PuJ1«»' " 

**d 

Write  to  Output  Suble 

2.$ 

H$ 

Open  Urate 

Write  to  Output  Stable 

200 

400 

§88; 

CL«50pf .Driver  PuHup 

I/O  Setup  Time 

t.3 

1811 

i/0  Hold  Ti?8fi 

o- 

1811 

m~W  Setup  Urn 

400 

ns 

1.  Assume  Priority  In  was  enabled   (PRI   IN  =  0)  in  previous  F8  cycle  before 
interrupt  is  detected  in  the  PSU. 

2.  PSU  has  interrupt  pending  before  priority  in  is  enabled. 

3.  Assume  pin  tied  to  INT  REQ  input  of  the  3850  CPU. 

4.  The  parameters  which  are  shaded  in  the  table  above  represent  those  which  are 
most  frequently  of  importance  when  interfacing  to  an  F8  system.     Unshaded 
parameters  are  typically  those  that  are  relevant  only  between  F8  chips  and 
not  normally  of  concern  to  the  user. 

5.  Input  and  output  capacitance  is  3  to  5  pF  typical   on  all   pins  except  Vn 


VGG: 


and  V, 


SS* 


¥DD* 
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DC  ELECTRICAL  SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS  (Above  which  useful  life  may  be  impaired) . 


GG 

VDD 

All  other  Inputs  &  Outputs 

Storage  Temperature 

Operating  Temperature 


+15V  to  -.3V 
+7V  to  -.3V 
+7V  to  -.3V 
-55°C  to  150°C 
0°C  to  70°C 


Note:   All  voltages  with  respect  to  V, 


SS 


DC  CHARACTERISTICS:   V^OV,  VDD-5V+5%,  VGG=12V±5%,  TA=0  to  70°C 
SUPPLY  CURRENTS 


SYMBOL 

PARAMETER 

MIN 

TYP. 

MAX 

UNITS 

TEST  CONDITIONS 

2GG 

VDD  Current 
V   Current 

35 
13 

70 
30 

mA 
mA 

f=2  MHz,  outputs  unloaded 
f=2  MHz,  outputs  unloaded 
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3852  DMI  Output  Signals  Timing  Summary 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

NOTES 

P* 

$  clock  period 

„ 

„ 

Fig  2 

9 

td2 

$  to  WRITE  -  Delay 

— 

— 

Fig  2 

9 

tad 

Address  delay  if 

50 

3  00 

500 

nS 

3 

PCO 

tad2 

Address  delay  to 
high  Z  (short  cycle 
with  DMA  on) 

tcs2+50 

tcs2+200 

nS 

3 

tad3 

Address  delay  to 
refresh  (short 
cycle  with  REF  on) 

tcs2+50 

tcs2+400 

nS 

3 

tad4 

Address  delay  if  DC 

2P$-td  +50 

2P*+400-td2 

nS 

3 

tad 

Address  delay  to 

tcs  +50 

tcs3+200 

nS 

3 

high  Z  (long  cycle 
with  DMA  on) 

tadfi 

Address  delay  to 

tcs~+50 

tcs-+400 

nS 

3 

refresh  (long  cycle 
with  REF  on) 

tcr. 

CPU  READ  -  Delay 

50 

250 

450 

nS 

1 

tcr2 

CPU  READ  +  Delay 

2P$+50-6d2 

2P$+400-td2 

nS 

1 

tcs1 

CPU  SLOT  +  Delay 

8  0-td2 

3  2  0-td2 

nS 

1 

tcs„ 

CPU  SLOT  -  Delay 

2p$+60~td 

2P<D+420-td2 

nS 

1 

(PCO  access) 

tcs_ 

CPU  SLOT  -  Delay 
(DC  access) 

4P$+60~td2 

2P*+420-td2 

nS 

1 

tm.. 

MEMIDLE  +  Delay 

2P$+50-td2 

4P*+400-td2 

nS 

1 

(PCO  access) 

tm- 

MEMIDLE  -  Delay 
(PCO  access) 

4P$+50-td2 

4P*+350-td2 

nS 

1 

tin. 

MEMIDLE  +  Delay 

4P$+50-td2 

4P$+400-td2 

nS 

1 

(DC  access) 

tm4 

MEMIDLE  -  Delay 

6P*+50-td2 

6P*+350-td2 

nS 

1 

(DC  access) 
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38  52  DMI  Output  Signals  Timing  Summary  (Continued) 


SYMBOL 

PARAMETER 

MIN 

rYP 

MAX 

UNITS 

NOTES 

tCyl 

WRITE  to  CYCLE  REQ 
-  Delay 

80-td2 

4  00-td2 

nS 

1,  4 

tcy2 

WRITE  to  CYCLE  REQ 
+  Delay 

P$+80-td2 

P$+400-td 

nS 

1,  4 

tcy3 

CYCLE  REQ  +  to  + 
Edge  Delay 

2P$ 

1,4 

tcy4 

twr1 
twr2 
twr~ 

twr4 

CYCLE  REQ  -  to  - 
Edge  Delay 

4P<S>+50-td2 
5P$+50-td2 
35G 

tcs2+4  0 

2P$ 

4P$+450-td2 
5P$+3  00-td2 
P$ 

tcs2+200 

nS 
nS 
nS 

nS 

1,  4 

3 
3 
3 

3 

RAM  WRITE  -  Delay 

RAM  WRITE  +  Delay 

RAM  WRITE  Pulse 
Width 

RAM  WRITE  to  High 
Z  Delay 

trgl 

REGDR  -  Delay 

70 

300 

500 

nS 

1 

trg2 

REGDR  +  Delay 

2P$+80-td2 

2P$+500-t<32 

nS 

1 

td4 

WRITE  to  Data  Bus 
Input  Delay 

2PS+1000 

nS 

td? 

WRITE  to  Data  Bus 
Output  Delay 

2P$+l00-td2 

2P*  +  850(-td2 

nS 

2 

Notes: 

1. 

CL  - 

50 

Pf 

2. 

CT,  " 

100 

pf 

3. 

CL  = 

500 

pf 

4. 

CYCLE  RE 

Q  i 

CYCLE  REQ  is  a  divide  by  2  of  *  for  all  instructions  except 
the  STORE  instruction. 

5.  On  a  given  chip,  the  timing  for  all  signals  will  tend  to  track. 
For  example,  if  CPU  SLOT  for  a  particular  chip  is  fairly  slow 
and  its  timing  falls  out  near  the  MAX  delay  value  specified, 
then  the  timing  for  all  signals  on  that  chip  will  tend  to  be 
out  near  the  MAX  delay  values.   Likewise  for  a  fast  chip  whose 
signals  fall  near  the  MIN  values.   This  is  a  result  of  the 
fact  that  processing  parameters  (which  affect  device  speed) 
are  quite  uniform  over  small  physical  areas  on  the  surface  of 

a  wafer. 

6.  Input  and  output  capacitance  is  3  to  5  pf  typical  on  all  pins 


except  V 


and  V, 


SS* 
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DC  ELECTRICAL  SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS  tAbove  which  useful  life  may  be  impaired) . 


GG 

VDD 

All  other  Inputs  &  Outputs 

Storage  Temperature 

Operating  Temperature 


+15V  to  -.3V 
+7V  to  -,3V 
+7V  to  -,3V 
-55°C  to  150°C 
0°C  to  70°C 


Note:   All  voltages  with  respect  to  V 


DC  CHARACTERISTICS: 


VSS=0V'  VDD=5V±5%'  VGG=12V±5%'  TA=0  t0  70°G 


SUPPLY  CURRENTS 


;  SYMBOL 

PARAMETER 

MIN 

TYP. 

MAX 

UNITS 

TEST  CONDITIONS 

XDD 
JGG 

V   Current 
VGG  Current 

35 

13 

70 
30 

mA 
mA 

f=2  MHz,  outputs  unloaded 
f-2    MHz,  outputs  unloaded 
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3853  SMI  Output  Signals  Timing  Summary 


SYMBOL 

PARAMETER 

MIN, 

TYP, 

MAX, 

UNITS 

NOTES 

p$ 

$  clock  period 

,._ 

r- 

Fig  2-9 

td2 

$  to  WRITE  -  Delay 

~ 

- 

-*. 

Fig  2-9 

tad. 

Address  delay  if  PCO 

50 

300 

500 

nS 

3 

tad4 

Address  delay  if  DCO 

2P$-td2+50 

2P$+400~td2 

nS 

3 

tor-. 

CPU  READ  -  Delay 

50 

250 

450 

nS 

1 

tcr2 

twr-» 

twr2 
twr3 

CPU  READ  +  Delay 

2P$+50-td2 
4P$+50-td2 
5P$+50-td2 
350 

2P$+400-td2 
4P$+450-td2 
5Pf+300-td2 

p$ 

nS 
nS 
nS 
nS 

1 
3 
3 
3 

RAM  WRITE  -  Delay 

RAM  WRITE  +  Delay 

RAM  WRITE  pulse 

trg1 

REGDR  -  Delay 

70 

300 

500 

nS 

1 

trg2 

REGDR  +  Delay 

2P$+80-td2 

2P$+500-td2 

nS 

1 

td4 

WRITE  to  Data  Bus 
Input  Delay 

2P$+1 000 

nS 

td7 

trl 

tr2 

tpr1 
tpr2 

WRITE  to  Data  Bus 
Output  Delay 

2P<M-100-td2 
400 

2P$+850-td2 

430 

430 

240 

240 

nS 
nS 
nS 
nS 
nS 
nS 

2 
6 
8 
7 
2 

WRITE  to  INT  REQ  - 
Delay 

WRITE  to   INT  REQ  + 
Delay 

PRI   IN  to  INT  REQ  - 
Delay 

PRI   IN  to  INT  REQ  + 
Delay 

EXT  INT  set-up  time 

Notes: 
1.  C, 


50  pf 


3.  C, 


500  pf 


4.  On  a  given  chip,  the  timing  for  all  signals  will  tend  to  track. 

For  example,  if  CPU  SLOT  for  a  particular  chip  is  fairly  slow  and  its 
timing  falls  out  near  the  MAX  delay  value  specified,  then  the  timing 
for  all  signals  on  that  chip  will  tend  to  be  out  near  the  MAX  delay 
values.  Likewise  for  a  fast  chip  whose  signals  fall  near  the  MIN 
values.  This  is  a  result  of  the  fact  that  processing  parameters 
(which  affect  device  speed)  are  quite  uniform. 

5.  Input  and  Output  capacitance  is  3  to  5  pf  typical  on  all  pins  except 
VDD,  VGQ,  and  V$s. 


6.  Assume  Priority  In  was  enabled  (PRI  IN  =  0)  in  previous  F8  cycle  before 
interrupt  is  detected  in  the  PSU. 

7.  PSU  has  interrupt  pending  before  priority  in  is  enabled. 


8.  Assume  pin  tied  to  INT  REQ  input  of  the  3850  CPU. 


2-59 


Summary  of  3854  DMA  Signal  Characteristics 
ELECTRICAL  SPECIFICATIONS 
ABSOLUTE  MAXIMUM  RATINGS  (Above  which  useful  life  may  be  impaired) 


"G6 


+15V  to  -,3V 
VDD  +  7V  to  -.3V 

All  other  Inputs  &  Outputs    +  7V  to  ~.3V 
Storage  Temperature         -55°C  to  150°C 
Operating  Temperature         0°C  to  70°C 

Note:  All  voltages  with  respect  to  Vss 

DC  CHARACTERISTICS:  Vs$  =  OV,  VpD  =  +5V+5%,  VQ6  =  +12V+52,  Tft  =  0  to  70°C 

SUPPLY  CURRENTS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

TEST  CONDITIONS 

JDD 
*GG 

Vpp  Current 
VGS  Current 

20 
15 

40 
28 

mA 
mA 

f=2MHz,  Outputs 
Unloaded 

f=2MHz,  Outputs 
Unloaded 
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00 

o 
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1—4 

Q 

O 
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1- 

oo 
lu 
I— 
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> 
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00 

I— 

!3 
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PA 

Volts 
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Q  00 
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Q 
Q  00 

>■           •       r— 

*— * 

ur>       oo 

00 

oo    >    o 

O          00 

oo 

«3-    >.    o 

cr: 

UJ 
UJ 

< 

Input  High  Voltage 
Input  Low  Voltage 
Leakage  Current 

Input  High  Voltage 
Input  Low  Voltage 
Leakage  Current 

_J 

o 

CO 

s: 

>-. 

CO 

nz    — i 

_        M          _| 
>         >         l-H- 
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contents  of  a  selected  register  onto  the  DATA  BUS  only  while 
READ  REG  is  high,  if  there  was  a  similar  address  match  during  the 
prior  cycle.   I/O  address  assignment  is  made  using  pins  Pi  and 
P2 


3854  DMA  Deytce  Signals  Summary 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

p$ 

$  Clock  Period 

.5 

10 

yS 

Note  1 

PW] 

$  Pulse  Width 

180 

P*-180 

nS 

tr,  tf  =  50  nS  typ 

tdl 

$  to  WRITE  +  Delay 

60 

300 

rsS 

Note  1 

td2 
PW2 

*  to  WRITE  -  Delay 

60 

250 

nS 

Note  1 

WRITE  Pulse  Width 

P*-100 

P$ 

nS 

tr,  tf  =  50  nS  typ 

td3 

WRITE  to  READ/LOAD  REG  Delay 

600 

nS 

td4 
td6 

DB  Input  Set-up  Time 

200 

300 

nS 
nS 

XFER  REQ  to  MEMIDLE  Set-up 

td7 

MEMIDLE  to  ADDR  True 

50 

200 

500 

nS 

CL  =  500  pf 

td'y 

MEMIDLE  to  ADDR  3-State 

30 

250 

nS 

CL  =  500  pf 

td8 

READ  REG  to  DB  Output 

40 

300 

nS 

cL  =  100  pf 

td9 

WRITE  to  ENABLE  & 
DIRECTION  +  Delay 

450 

nS 

CL  =  50  pf 

tdg 

MEMIDLE  to  ENABLE  -  Delay 

400 

nS 

CL  =  50  pf 

td10 

MEMIDLE  to  XFER  & 
DWS  +  Delay 

300 

nS 

CL  =  50  pf 

td10 

MEMIDLE  to  XFER  & 
DWS  -  Delay 

300 

nS 

CL  =  50  pf 

td11 

$  to  STROBE  +  Delay 

30 

200 

nS 

CL  -  50  pf 

tdn 

$  to  STROBE  -  Delay 

30 

200 

nS 

CL  =  50  pf 

Notes: 


1.  These  specifications  are  those  of  $  and  WRITE  as  supplied  by  the  3850  CPU. 

2.  Input  and  output  capacitance  is  3  to  5  pf  typical  on  all  pins  except  V 


DD' 


VGG>  and  V 
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Chapter  3 
THE  NATIONAL  SEMICONDUCTOR 

SC/MP 


Describing  this  microprocessor  immediately  after  the  F8  is  a  good  idea  because 
the  two  products  contrast  well.  The  F8  differs  more  markedly  from  minicomputers 
than  any  other  8-bit  microprocessor  described  in  this  book.  SC/MP,  by  way  of 
contrast,  is  one  of  the  more  minicomputer-like  products. 

When  we  say  that  SC/MP  is  a  more  minicomputer-like  product  what  we  mean  is  that  its 
logic  distribution  and  instruction  set  are  more  traditional. 

The  SC/MP  is  a  single  device,  not  a  family  of  devices.  The  single  device  provides 
Arithmetic  and  Logic  Unit  Control  Unit  registers  and  memory  addressing  logic,  exactly 
what  you  would  expect  to  find  in  any  minicomputer  Central  Processing  Unit.  There  are 
no  additional  devices  forming  an  SC/MP  "family",  comparable  to  the  F8  PSU  DMI  or 
SMI.  Additional  logic  that  will  support  SC/MP  consists  of  standard  off-the-shelf  buffers, 
bidirectional  drivers,  ROM  and  RAM.  This  approach  is  the  same  as  that  taken  with  PACE, 
National  Semiconductor's  other  single-chip  microprocessor  which  is  described  later  in 
this  book  among  the  1 6-bit  microprocessors.  Both  SC/MP  and  PACE  provide  a  wealth  of 
control  signals  and  thus  limit  the  need  for  special-purpose  support  chips. 

The  only  current  manufacturer  for  SC/MP  is: 

NATIONAL  SEMICONDUCTOR  INC 

2900  Semiconductor  Drive 

Santa  Clara,  CA  95050 

Although  there  is  an  agreement  between  Rockwell  International  and  National  Semicon- 
ductor to  exchange  microcomputer  technical  information  and  produce  each  other's 
products,  at  the  present  time  Rockwell  international  has  not  elected  to  second  source 
SC/MP. 

Figure  3-1  conceptually  illustrates  the  logic  functions  which  are  implemented  on 
the  SC/MP  chip.  One  of  the  weaknesses  of  Figure  3-1 ,  and  the  equivalent  figures 
for  the  other  microcomputers,  is  that  the  way  in  which  logic  functions  are  imple- 
mented cannot  be  identified.  SC/MP,  for  example,  implements  non-CPU  logic  at  a 
very  elementary  level,  well  suited  for  simple  applications  only. 

Nonetheless,   Figure  3-1    does  reveal  a  few  of  the  rather 

unusual  capabilities  provided  by  SC/MP.  Notice  that  Serial-to- 

ParaHel  Interface   Logic  is  shown  as   implemented  by  the 

SC/MP  chip.  SC/MP  has  two  serial  I/O  device  pins,  one  for  serial  binary  input  data,  the 

other  for  serial  binary  output  data.  The  assembly  and  disassembly  of  serial-to-parallel 

data  is  accomplished  by  one  SC/MP  instruction. 

Figure  3-1  also  shows  Programmable  Timer  logic  as  being  implemented  by  the 
SC/MP  chip.  This  is  barely  Justifiable  —  the  SC/MP  instruction  set  includes  a  Delay 
instruction  that  is  used  to  generate  timed  durations  ranging  from  13  to  131,593 
microcycles.  Note,  however,  that  during  this  delay  interval  the  CPU  can  be  performing 
no  other  actions:  the  CPU  is,  in  effect,  operating  solely  as  a  programmable  timer.  This  is 
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SC/MP  DMA 
AND 

MULTIPROCESSOR 
LOGIC 


obviously  quite  different  from  having  a  separate  logic  device  that  performs  this  timer 
function  within  a  system  Once  again,  this  points  out  the  weakness  of  a  generalized 
representation  such  as  Figure  3-1. 

One  other  area  of  non-CPU  logic  shown  as  being  implemented 
by  SC/MP  further  illustrates  this  point.  A  portion  of  the  Direct 
Memory  Access  (DMA)  logic  is  provided  by  SC/MP  using  a 
few  signals  to  control  bus  access.  A  significant  amount  of 
external  logic  would  still  be  required  to  obtain  an  operational 
DMA  system.  Therefore,  Figure  3-1  can  be  misleading  because  it  cannot  indicate  the 
way  in  which  the  CPU  implements  a  particular  function.  In  this  particular  case  there  is 
also  a  significant  area  of  non-CPU  logic  provided  by  SC/MP  that  is  nowhere  indicated 
by  Figure  3-1:  The  signals  that  can  be  used  for  DMA  are  primarily  intended  to 
simplify  the  design  of  multiprocessor  systems.  This  is  a  very  unusual  logic  function 
for  a  CPU  to  provide  and  therefore  is  not  even  suggested  in  Figure  3-1.  But  for  SC/MP, 
the  inclusion  of  this  multiprocessor-oriented  logic  makes  a  lot  of  sense:  its  low  cost  and 
modest  performance  makes  it  a  likely  candidate  for  multiprocessor  systems. 

There  are  two  versions  of  the  SC/MP  CPU:  the  original  ver- 
sion uses  P  channel  silicon-gate  MOS/LSI  technology  and  its 
part  number  is  ISP-8A/500;  the  new  version  (SC/MP-il)  uses 
N-channel  technology  and  its  part  number  is  ISP-8A/600.  The 
two  versions  are  functionally  equivalent  and  fully  compatible  in  terms  of  object 
code  and  pin  configuration.  {A  few  minor  signal  level  conversions  are  required  for 
complete  signal  compatibility:  see  Figure  3-3.)  The  SC/MP-II  provides  some  signifi- 
cant advantages  over  the  original  version  —  it  is  twice  as  fast  and  uses  only  one- 
fourth  the  power  of  the  original  P-channel  version.  Additionally,  while  SC/MP  re- 
quires two  power  sources  (a  +5  volt  and  a  -7  volt  supply),  SC/MP-II  needs  only  a 
single  +5  volt  supply.  Throughout  this  chapter,  we  will  simply  refer  to  the  CPU  as 
SC/MP;  all  the  descriptions  apply  to  both  versions  of  the  CPU  unless  we  specifically 
mention  SC/MP-II. 


SC/MP 

AND 

SC/MP-II 


SC/MP 

INSTRUCTION 
EXECUTION 
SPEED 


Both  versions  of  the  SC/MP  CPU  have  an  on-chip  clock  oscilla- 
tor and  can  use  a  capacitor,  crystal,  or  TTL  clock  input  to  drive 
the  clock.  The  P-channel  SC/MP  can  run  at  a  maximum  frequency 
of  1  megahertz  which  results  in  instruction  execution  times  in  the 
range  of  10  to  50  microseconds.  SC/MP-II  can  operate  at  frequen- 
cies up  to  4  megahertz  with  resulting  instruction  execution  times  in  the  range  of  5  to  25 
microseconds.  Notice,  that  although  the  input  frequency  for  SC/MP-il  can  be  four  times 
that  of  SC/MP,  the  instruction  execution  time  for  SC/MP-II  is  twice  as  fast  (not  four 
times  as  fast):  This  is  because  of  internal  differences  in  the  way  the  on-chip  clock 
oscillator  uses  the  timing  inputs. 

Both  versions  of  SC/MP  provide  TTL-compatible  input  and 
output  signals. 


SC/MP 
LOGIC 
LEVEL 


SC/MP  PROGRAMMABLE  REGISTERS 

SC/MP  has  an  8-bit  Accumulator,  an  8-bit  Extension  register,  a  16-bit  Program 
Counter,  three  16-bit  Pointer  registers,  and  an  8-bit  Status  register.  These  pro- 
grammable registers  are  illustrated  as  follows: 


Accumulator  (A) 

Extension  register  {E) 

Program  Counter  {PC)  or  Pointer  Register  0  (P0) 

Pointer  Register  1  (PI) 

Pointer  Register  2  (P2) 

Pointer  Register  3  (P3) 

Status  register 
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The  Accumulator  is  a  single,  primary  Accumulator,  as  described  for  our  hypotheti- 
cal microcomputer. 

The  Extension  register  is  used  to  assemble  or  disassemble  serial-to-parallel  data 
for  serial  data  input  and  output.  This  register  Is  also  used  as  a  buffer  for  the  Ac- 
cumulator. 


The  Program  Counter  is  16  bits  wide;  therefore  up  to  65,536  SC/MP 

bytes  of  memory  may  be  addressed  in  the  normal  course  of  MEMORY 

events.  The  four  high-order  bits  of  the  Program  Counter  repre-  PAGES 

sent  page  select  bits;  therefore  the  memory  of  a  SC/MP  ' 

system  is  divided  into  16  pages  of  4096  words  each. 

Notice  that  the  Program  Counter  is  shown  as  Pointer  Register  0;  this  is  done  because 
some  instructions  move  data  between  Pointer  registers  including  the  Program  Counter. 
There  is  one  other  unusual  fact  about  the  SC/MP  Program  Counter:  the  four  most  sig- 
nificant bits  (the  page  select  bits)  of  the  Program  Counter  are  never  incremented 
during  the  instruction  fetch  sequence.  Instead,  when  the  last  address  of  a  page  is 
reached,  the  Program  Counter  "wraps-around"  to  the  first  address  of  the  current 
page.  For  example,  if  the  Program  Counter  contains  2FFF] 5,  when  it  is  incremented 
the  new  contents  of  the  Program  Counter  will  be  2000-|  q  instead  of  3000i  q.  The  page 
select  bits  of  the  Program  Counter  can  only  be  changed  by  executing  an  instruction 
that  loads  a  new  value  into  the  most  significant  bits  of  the  Program  Counter 

Note  that  the  four  high-order  address  bits  are  not  output  on  separate  address  pins;  in- 
stead they  are  output  on  the  data  lines  at  the  beginning  of  an  input/output  cycle  and 
must  be  demultiplexed  by  external  logic  in  order  to  generate  page  select  signals. 

The  three  Pointer  registers  are  Data  Counters  that  can  also  be  used  as  Index 
registers,  Page  Pointers,  or  Stack  Pointers.  Typically,  you  would  assign  a  specific 
function  to  each  register.  For  example,  the  following  assignments  might  be  used: 

P1  -  ROM  Pointer 
P2  -  Stack  Pointer 
P3    -     Subroutine  Pointer 

These  arbitrary  assignments  also  reveal  several  interesting  facts  about  the  architecture 
of  SC/MP.  First,  the  SC/MP  CPU  does  not  provide  an  on-chip  stack;  instead,  a  stack  can 
be  maintained  in  memory  using  one  of  the  Pointer  registers  as  a  Stack  Pointer.  Sec- 
ondly, the  SC/MP  instruction  set  does  not  include  a  Jump-to-Subroutine  instruc- 
tion: one  of  the  Pointer  registers  must  be  used  to  hold  subroutine  addresses  which  can 
then  be  swapped  with  the  Program  Counter.  We  will  discuss  this  in  detail  when  we  de- 
scribe the  SC/MP  instruction  set 

ADDRESSING  MODES 

The  SC/MP  memory  reference  instructions  use  program-relative  direct  address- 
ing, indexed  addressing,  and  auto-indexed  addressing.  AH  memory  reference  in- 
structions are  two-byte  instructions  and  have  the  following  object  code  format: 


7    6    5    4     3     2     10  -* Bit  No.  7  0 


displacement 


T 


-  00  =PC 
01  =PTR0 

10  =  PTR1 

1 1  =  PTR2 

.  0  =  PC-relative  or  indexed 

1  =  Auto-indexed 
■  Opcode 
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Program  relative  and  indexed  addressing  are  as  described  in  Volume  I,  Chapter  6. 
We  will  just  re-emphasize  here  that  all  addressing  in  SC/MP  is  paged  and  uses  the 
wrap-around  technique  —  that  is,  there  is  no  carry  from  the  low  order  1 2  bits  of  an  ad- 
dress into  the  most  significant 4  bits  of  an  address  We  mentioned  this  earlier  when  we 
discussed  thaProgram  Counter  and  it  also  applies  to  indexed  addressing,  Thus,  if  the 
sum  of  the  Index  register  (that  is,  one  of  the  Pointer  registers)  and  the  second  object 
code  byte  contents  (displacement)  is  more  than  FFF-jg,  the  Carry  bit  will  be  discarded. 
This  may  be  illustrated  as  follows: 

Pointer  register   (index  register) 
|  IF  |  B4  f 


Effective  Address  =  1FB4  +4D 


F  B  4 
f      4  D 


Expected  resuit 
Discard  Carry 


-esult  =   2)  0  0  1 
Carry  -*-^    ^-Ae 


'Actual  Resuit  is  1001 


Remember,  all  arithmetic  operations  during  address  formation,  regardless  of  the 
addressing  mode,  obey  this  wrap-around  technique:  there  is  never  a  carry  from 
bit  11  into  bit  12. 

The  auto-indexing  mode  of  addressing  provided  by  SC/MP  instructions  is  actually 
an  auto-increment/auto-decrement  operation.  When  auto  indexing  is  specified,  the 
displacement,  as  a  signed  binary  number,  is  added  to  the  contents  of  a  Pointer  register 
in  order  to  compute  an  effective  address.  If  the  displacement  is  less  than  zero,  the 
Pointer  register  is  decremented  by  the  displacement  before  the  memory  access  If  the 
displacement  is  equal  to  or  greater  than  zero,  then  the  contents  of  the  Pointer  register  is 
the  effective  address  and  the  Pointer  register  contents  are  incremented  by  the  displace- 
ment after  the  memory  access  This  method  of  auto-increment  and  auto-decrement 
addressing  is  the  same  as  that  described  in  Volume  I  with  one  significant 
difference:  SC/MP  allows  an  address  to  be  incremented  or  decremented  by  any 
value  in  the  range  0-127  instead  of  just  by  a  value  of  one. 

SC/MP  STATUS  REGISTER 

SC/MP  has  a  programmable  8-bit  Status  register  which  may  be  illustrated  as 
follows: 


cy/l 

ov 

SB 

SA 

IE 

F2 

Fl 

FO 

©  ©       ©  ©  © 


Circled  numbers  represent  device  pin  numbers  to  which  bits  of  the  Status  register  are 
connected 
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The  Carry  (CY),  Link  (L)  and  Overflow  (OV)  status  bits  are  typical  microcomputer 
status  bits  as  were  described  in  Volume  I,  Chapter  7. 

The  two  sense  bits,  SB  and  SA>  are  tied  to  SC/MP  device  pins.  These  two  bits 
directly  reflect  the  state  of  the  logic  signals  applied  to  the  device  pins  and  thus 
can  be  used  to  detect  external  events.  Although  there  are  no  SC/MP  instructions 
that  allow  you  to  directly  jump  or  branch  on  the  condition  of  one  of  these  bits,  a  se- 
quence of  masking  and  testing  instructions  can  be  used  to  accomplish  the  same  effect, 
albeit  somewhat  slower  The  SA  and  SB  bits  are  readonly  bits.  Instructions  may 
read  the  status  of  these  two  bits,  but  only  incoming  signals  may  change  their  con- 
dition. For  example,  an  instruction  that  moves  the  contents  of  the  Accumulator  to  the 
Status  register  may  modify  any  of  the  other  status  bits,  but  bits  4  and  5  will  not  change 
The  SA  bit  serves  a  dual  function.  If  the  Interrupt  Enable  (IE)  bit  is  set  to  one,  the 
SA  input  serves  as  the  interrupt  input.  We  will  discuss  interrupt  processing  later  in 
this  chapter 

FO,  F1  and  F2  are  control  flags  that  are  tied  to  SC/MP  device  pins.  The  state  of 
these  three  flags  may  be  changed  under  program  control  and  may  be  used  to  con- 
trol external  devices.  When  the  state  of  any  of  these  flags  is  changed,  it  is  im- 
mediately reflected  by  a  change  in  the  signal  level  at  the  associated  device  pin 

SC/MP  CPU  SIGNALS  AND  PIN  ASSIGNMENTS 

Figure  3-2  illustrates  the  SC/MP  pins  and  signals.  A  description  of  these  signals  is 
useful  as  a  guide  to  the  way  in  which  an  SC/MP  microcomputer  system  works. 

The  12  address  lines  AD00-AD11  output  memory  and  I/O  device  addresses. 
These  are  tristate  lines,  and  may  be  floated,  giving  external  logic  control  of  the 
Address  Bus.  The  four  most  significant  address  bits  (AD12-AD15)  are  time 
multiplexed  on  the  data  lines. 

The  eight  Data  Bus  lines  DBO  -  DB7  are  multiplexed,  bidirectional  data  lines  via 
which  8-bit  data  units  are  input  and  output,  and  on  which  statuses  and  address 
bits  are  output  at  the  beginning  of  any  input/output  cycle.  Statuses  on  the  Data 
Bus  identify  the  type  or  purpose  of  the  input/output  cycle.  The  address  bits  on  the 
Data  Bus  are  the  four  most  significant  address  bits  (AD  12  -  AD  15)  which  can  be 
used  to  generate  page  select  signals  for  memory  or  peripheral  devices.  Table  3-1 
describes  the  status  and  address  information  that  is  output  on  the  Data  Bus.  Like 
the  address  lines,  the  data  lines  are  tristate. 

SENSEA  SENSEB  FLAGO,  1,  and  2  are  pin  connections  for  the  similarly  named 
Status  register  bits  described  earlier. 

SIN  and  SOUT  are  used  in  combination  with  the  SIO  instruction  for  serial  input  of 
data  to  the  Extension  register  and  serial  output  of  data  from  the  Extension 
register. 

The  remaining  signals  (excluding  clock,  power  and  ground)  may  be  divided  into  bus  ac- 
cess. Data  Bus  definition,  and  timing  control  signals. 

You  will  notice  that  some  of  the  SC/MP  pins  in  Figure  3-2 
have  two  sets  of  signal  names:  the  names  enclosed  in 
parentheses  reflect  the  nomenclature  used  with  SC/MP-IJ. 

Aside  from  the  clock  and  power  signals  which  we  shall  discuss 

separately,  the  only  difference  between  SC/MP  and  SC/MP-II 

is    in    the    polarity    of    bus    access    signals    Bus    Request 

(BREQ/NBREQ),    Enable    In    (ENIN/NENIN),    and    Enable    Out 

(ENOUT/NENOUT).  The  "N"  prefix  to  each  of  the  SC/MP-II  signals  indicates  that  these 

signals  are  negative-true  —  as  opposed  to  the  positive-  (or  logic  "1 ")  true  signals  for  the 

P-channel  SC/MP    In  the  descriptions  that  follow,  we  will  use  Pchannel  SC/MP 

nomenclature.  If  you  are  using  the  N-channe!  SC/MP-II  version,  you  must  simply  invert 

these  signals- 
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SIGNAL 
DIFFERENCES 
BETWEEN  SC/MP 
(P-CHANNEL) 
AND  SC/MP  II 
(N-CHANNEL) 


PIN  NAMEt 

X1,X2 
*DBO  -  D87 
♦AD00-AD11 
*SENSEA,SENSEB 
*FLAG0,1,2 
*NRST 
*CONT 

*BREQ  (NBREQ) 
*ENIN  (NENIN) 
•ENOUT  (NENOUT) 
•NADS 
♦NRDS 
*NWDS 
*NHOLD 

SIN 

SOUT 

VGG-VSS<VCC.GND» 
•These  signals  connect 
t  Signals  in  parenthesis 


DESCRIPTION 

Crystal/Capacitor  Connections 

Data  Bus 

Address  Lines 

External  Status  Input 

Flags 

Reset 

Halt/Continue 

Bus  Request/Busy 

Data  Bus  Enable 

CPU  Bus  Access  Status 

Address  on  Data  Bus 

Data  Input  Strobe 

Data  Output  Strobe 

Clock  Delay 

Serial  Data  In 

Serial  Data  Out 

Power  and  Ground 

to  the  System  Bus. 

are  SC/MP-II  signal  names. 


TYPE 

Input 

Bidirectional,  Tristate 

Output,  Tristate 

Input 

Output 

Input 

Input 

Bidirectional 

Input 

Output 

Output 

Output,  Tristate 

Output,  Tristate 

Input 

Input 

Output 


Figure  3-2.  SC/MP  CPU  Signals  And  Pin  Assignments 


Before  the  SC/MP  CPU  can  begin  any  input/output  operation,  SC/MP 

it  must  gain  access  to  the  System  Busses.  This  approach  BUS  ACCESS 

reflects  the  design  philosophy  behind  SC/MP,  It  is  a  relatively  low-  CONTROL 

cost,  low-performance  CPU  and  the  designers  anticipated  that  it  SIGNALS 
would  frequently  be  used  in  multiprocessor  systems  or  in  systems 
utilizing  Direct  Memory  Access  Accordingly,  three  signals  are  provided  to  control  ac- 
cess to  the  System  Busses 

BREQ  is  used  as  a  bus  busy  input  indicating  that  some  other  device  is  using  the 
System  Busses,  and  as  a  bus  request  output  when  the  System  Busses  are  free 
and  SC/MP  requires  access  to  the  busses. 

EN1N  is  a  control  signal  which  is  input  to  the  CPU  by  external  logic.  When  ENIN  is 
low,  the  CPU  is  denied  access  to  the  System  Busses  and  the  SC/MP  address  and 
data  lines  are  held  in  tristate  mode. 
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ENOUT  is  the  CPU's  output  response  to  ENIN.  When  output  high,  ENOUT  indicates 
that  ENIN  is  high,  therefore,  the  CPU  can  gain  access  to  the  System  Busses,  but  it  has 
not  done  so-  If  ENOUT  is  low,  it  indicates  either  that  ENIN  is  low,  therefore  the  CPU  is 
being  denied  access  to  the  System  Busses  or,  if  ENIN  is  high,  then  it  indicates  that  the 
CPU  is  using  the  System  Busses 

When  the  CPU  has  gained  access  to  the  System  Busses,         SC/MP  DATA 
three  signals  identify  the  way  in  which  the  CPU  is  using         BUS  DEFINITION 
the  Data  Bus.  SIGNALS 


NADS  is  output  to  indicate  that  a  valid  address  has  been 
output  on  the  address  lines  and  that  the  low  order  four  bits  of  the  Data  Bus  con- 
tain the  high  order  four  bits  of  a  16-bit  address.  NADS  also  indicates  that  status 
information  is  being  output  on  the  high  order  four  bits  of  the  Data  Bus. 

NRDS,  when  output  by  the  CPU,  indicates  that  the  CPU  wishes  to  receive  data  on 
the  Data  Bus. 

NWDS  when  output  by  the  CPU,  indicates  that  data  is  being  output  by  the  CPU  on 
the  Data  Bus.  NWDS  may  be  used  by  externa!  logic  as  a  write  strobe. 


SC/MP  TIMING 

CONTROL 

SIGNALS 


There  are  three  signals  which  control  CPU  timing. 

NRST  is  a  system  reset  signal.  When  input  low,  it  aborts  any 
in-process  operations,  When  returned  high,  all  programmable 
registers  are  cleared,  and  program  execution  begins  with  the 
instruction  fetched  from  memory  location  000 1  1 6 

CONT  may  be  input  to  stop  the  CPU  between  instructions.  When  CONT  is  input 
low,  all  CPU  operations  are  halted  after  the  current  instruction  execution  has  been  com- 
pleted. The  CPU  remains  halted  until  CONT  goes  high 

NHOLD  is  an  input  signal  used  during  input/output  operations  to  lengthen  the 
allowed  time  interval  for  devices  to  respond  to  CPU  access  requests. 


SC/MP  TIMING  AND  INSTRUCTION  EXECUTION 

The  SC/MP  timing  for  instruction  execution  is  very  simple.  Instruction  execution 
times  are  expressed  in  terms  of  microcycles.  A  typical  instruction  is  executed  in  10 
microcycles  and  one  or  more  of  these  microcycles  is  an  input/output  cycle.  The  length 
of  a  microcycle  depends  on  the  frequency  of  the  clock  inputs  to  the  CPU:  with  the  P- 
channe!  SC/MP,  the  minimum  microcycle  length  is  2  microseconds;  for  SC/MP-II,  the 
N-channel  version,  minimum  microcycle  length  is  1  microsecond.  Thus,  typical  instruc- 
tion execution  time  is  20  microseconds  for  the  P-channel  SC/MP,  and  1 0  microseconds 
for  SC/MP-II.  All  microcycles,  whether  internal  machine  cycles  or  input/output  cy- 
cles, are  of  the  same  length:  the  only  variance  occurs  when  the  NHOLD  signal  is 
used  to  stretch  an  input  or  output  cycle. 

There  are  basically  only  three  types  of  SC/MP  machine  (or  micro)  cycles:  data  in- 
put (read)  cycles,  data  output  (write)  cycles,  and  internal  microcycles.  The  execu- 
tion of  each  instruction  is  merely  a  concatenation  of  these  three  types  of  microcycles. 

SC/MP  does,  however,  output  some  status  information  at  the 
beginning  of  every  input  or  output  cycle  which  provides  a  more 
precise  definition  of  the  purpose  of  that  microcycle  Table  3-1  lists 
the  information  which  may  be  output  on  the  data  line  at  the  begin- 
ning of  an  I/O  cycle  {when  NADS  is  low)-  Table  3-2  defines  the 


SC/MP 
I/O  CYCLE 
STATUS 
INFORMATION 


way  in  which  the  status  information  may  be  interpreted  to  identify  the  various  possible 
types  of  microcycles. 
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Table  3-1.  Status  And  Address  Output  Via  The  Data  Lines 
During  The  Beginning  Of  An  I/O  Cycle 


SYMBOLS 

DATA  BUS 
BtT 

DEFINITION 

H-Flag 

7 

Indicates  that  a  Halt  instruction  has  been  executed. 

D-Flag 

6 

Indicates  that  a  Delay  instruction  has  been  executed  and  that  a 
delay  cycle  is  starting. 

l-Rag 

5 

Indicates  that-the  CPU  is  in  the  fetch  cycle  for  the  first  byte  of  an 
instruction. 

R-Flag 

4 

When  high,  indicates  that  the  i/O  cycle  is  a  read  cycle  and  that  input 
data  should  be  placed  on  the  Data  Bus  when  NRDS  is  active.  When  low, 
indicates  that  the  I/O  cycle  is  a  write  cycle  and  that  the  Data  Bus 
will  contain  output  data  when  NWDS  is  active. 

AD15 

3 
2 

1 
0 

The  four  most  significant  bits  of  a  16-bit  address. 
Can  be  used  as  page  select  signals. 

AD14 

AD13 

AD12 

Table  3-2,  Statuses  Output  On  The  Data  Bus  For 
Various  Types  Of  Machine  Cycles 


Status 
information 

Data  Bus 
Bit 

TYPE  OF  MACHINE  CYCLE 

Instruction 
Fetch 

Halt 
Instruction 

Delay 
Instruction 

Data  Input 
(Read) 

Data  Output 
(Write) 

H-Flag 

7 

0 

1 

0 

0 

0 

D-Flag 

6 

0 

0 

1 

0 

0 

l-Flag 

5 

1 

1 

0 

0 

0 

R-Flag 

4 

1 

1 

1 

1 

0 

SC/MP  BUS  ACCESS  LOGIC 

Since  the  SC/MP  CPU  must  gain  access  to  the  System  Busses  before  it  can  per- 
form an  input  or  output  cycle,  we  will  describe  the  bus  access  logic  before  dis- 
cussing input/output  cycles. 

Figure  3-3  illustrates  the  bus  access  logic  processing  sequence  that  occurs 
whenever  the  SC/MP  CPU  is  going  to  perform  an  input/output  cycle. 

First,  the  bidirectional  BREQ  line  is  tested,  if  the  BREQ  input  is  high,  it  indicates  that  the 
System  Bus  is  currently  in  use;  the  CPU  holds  the  outputs  of  the  address  and  data 
lines,  and  the  NRDS  and  NWDS  signals  in  the  high-impedance  (tristate)  mode. 

When  the  BREQ  input  signal  is  low  (or  goes  low}  it  indicates  that  the  System  Bus  is  free, 
and  the  CPU  then  outputs  a  logic  "1"  on  the  BREQ  line.  This  informs  external  devices 
(for  example,  other  SC/MP  CPUs  or  a  DMA  controller)  that  a  request  for  bus  access  has 
been  initiated 

The  CPU  next  tests  the  state  of  the  ENIN  input  line.  ENIN  is  essentially  the  "bus  grant" 
signal:  if  it  is  low,  it  indicates  the  Bus  Request  (BREQ)  is  denied  and  the  CPU  remains  in 
an  idle  state  with  its  output  held  in  the  high  impedance  mode  When  the  ENIN  input  is 
high  (or  goes  high)  it  indicates  that  the  CPU's  bus  request  has  been  granted  and  the  I/O 
cycle  can  now  be  initiated, 


c 

START 

) 

♦ 

CHECK 
BREQ 
INPUT 

"^BRECi^ 

IMPI  IT 

S^YES 

Initiate  an  I/O  cycle. 
(Instruction  fetch,  data 
input,  or  data  output) 


If  BREQ  input  high,  bus  is  busy.  Address 
and  data  lines,  and  NRDS,  NWDS  held 
in  tristate  mode. 


BUS  IS  AVAILABLE. 

OUTPUT  BREQ 

HIGH 


Request  bus  access. 


If  ENIN  low,  bus  access  is 
denied  until  ENIN  goes  high. 


PERFORM 
I/O  CYCLE 


SET  BREQ  OUTPUT 

LOW  WHEN  I/O 

COMPLETE 


Figure  3-3.  SC/MP  Bus  Access  Logic  Processing  Sequence 


When  the  I/O  cycle  has  been  completed,  the  CPU  sets  the  BREQ  output  low  to  indicate 
that  it  has  finished  using  the  System  Bus  and  that  its  outputs  are  once  again  in  the  high 
impedance  mode. 


There  are  a  couple  of  aspects  of  the  bus  access  sequence 
which  are  not  revealed  by  Figure  3-3. 


SUSPENSION 
OF  A  SC/MP 
I/O  CYCLE 


First  the  SC/MP  CPU  has  the  rather  unusual  capability  of  sus- 
pending an  I/O  operation  after  it  has  already  begun.  If  the  ENIN 
input  line  goes  low  while  the  CPU  has  access  to  the  bus,  the  SC/MP  address  and  data 
lines  will  go  to  the  high  impedance  state,  thus  relinquishing  access  to  the  System 
Busses.  The  BREQ  output  signal  will  remain  high  and,  when  the  ENIN  input  line  subse- 
quently goes  high  once  more,  the  input/output  cycle  which  had  been  suspended  will 
begin  again. 
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This  ability  to  suspend  an  I/O  cycle  might  be  quite  useful  in  a  system  where  bus  access 
is  granted  on  a  priority  basis.  In  such  a  system,  it  is  conceivable  that  one  or  more  of  the 
system  devices  (another  CPU,  for  example)  might  have  overriding  priorities  and  require 
immediate  access  to  the  System  Busses  The  SC/MP  bus  access  logic  we've  just  de- 
scribed allows  this  to  be  accomplished  with  no  difficulty  whatsoever.  There  is, 
however,  one  gray  area  in  this  l/O-suspend  function.  If  a  SC/MP  I/O  cycle  is  nearly 
complete,  it  would  seem  to  be  more  efficient  to  go  ahead  and  complete  the  cycle  rather 
than  suspending  it  and  then  restarting  the  entire  cycle  later  This  is  precisely  what 
SC/MP  does.  Unfortunately,  the  SC/MP  literature  does  not  tell  us  where  this  "point-of- 
no-return"  lies  within  an  I/O  cycle.  One  would  assume,  or  at  least  hope  that  this  point  is 
prior  to  the  time  when  NRDS  or  NWDS  is  sent  out.  These  signals  are  the  read  and  write 
strobe  signals;  if  they  were  repeated  when  an  I/O  cycle  was  restarted,  the  same  data 
might  be  read  or  written  twice  — a  potentially  vexing  situation.  However,  you  are  at 
least  assured  that  if  ENIN  goes  low  while  SC/MP  is  performing  an  I/O  cycle,  the  cycle 
will  be  performed  — either  by  continuing  to  completion  or  by  being  restarted  when  the 
System  Busses  are  again  available. 

If  you  refer  back  to  Figure  3-3  once  again,  you  will 
notice  that  there  is  no  mention  of  the  third  SC/MP  bus 
access  control  signal  —  ENOUT.  This  is  not  an  over- 
sight—  it  is  simply  due  to  the  fact  that  the  ENOUT  signal 
performs  a  rather  specialized  function  which  is  not  necess- 
ary to  an  understanding  of  the  SC/MP  bus  access  logic.  The  primary  function  of  the 
EIMOUT  output  signal  is  as  an  enabling  signal  in  systems  where  a  "daisy  chain" 
technique  is  used  to  establish  priorities  for  bus  access.  We  will  defer  a  discussion  of 
this  use  of  ENOUT  until  later  in  this  chapter  when  we  discuss  the  use  of  SC/MP  in 
multiprocessor  and  DMA  systems. 

If  the  SC/MP  CPU  is  used  in  a  single-processor,  non-DMA 
system  then  there  is  no  need  for  the  built-in  bus  access  logic. 
In  these  cases,  which  may  in  fact  be  in  the  majority,  the  bus 
access  signals  should  be  connected  so  that  the  SC/MP  CPU  is 
always  guaranteed  immediate  access  to  the  System  Busses. 
This  is  easily  accomplished  by  making  the  following  connec- 
tions: 


SC/MP  ENOUT 
SIGNAL  USED 
TO  ESTABLISH 
ACCESS  PRIORITIES 


SC/MP  I/O 
WITH  BUS 
ACCESS  LOGIC 
CONTINUOUSLY 
ENABLED 


SIGNAL 

CONNECT  TO 

SC/MP 

BREQ 
ENIN 
ENOUT 

VGG  through  a  pull-down  resistor 

vss 

Leave  unterminated 

SC/MP-II 

NBREQ 
NENIN 
NENOUT 

VCC  via  external  resistor 

Ground 

Leave  unterminated 

In  the  descriptions  of  SC/MP  input/output  operations  that  follow,  we  will  always 
assume  that  the  SC/MP  CPU  has  already  been  granted  access  to  the  System 
Busses,  and  that  this  access  is  not  interrupted  (or  suspended). 
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SC/MP  INPUT/OUTPUT  OPERATIONS 

Once  the  SC/MP  CPU  has  control  of  the  System  Busses,  an  actual  Input  or  output 
cycle  can  begin.  As  we  mentioned  earlier  in  this  chapter,  the  execution  of  any  SC/MP 
instruction  includes  some  combinations  of  input/output  cycles  and  internal  machine 
cycles  Figure  3-4  illustrates  the  bus  utilization  required  for  each  of  the  SC/MP  in- 
structions, and  also  reveals  an  interesting,  non-obvious  fact  about  SC/MP  in- 
put/output operations.  Observe  that  each  bus  utilization  interval  is  shown  as  being 
two  microcycles  in  duration.  This  is  true  because  each  input/output  operation  effec- 
tively requires  two  microcycles.  The  CPU  spends  a  portion  of  the  first  microcycle 
gaining  access  to  the  System  Bus  and  placing  address  and  status  information  on  the 
address  and  data  lines.  The  actual  data  transfer  (read  or  write)  occurs  during  the  second 
microcycle.  This  can  be  confusing  if  you  are  designing  a  DMA  or  multiprocessor 
system:  the  actual  time  that  the  bus  is  available  is  a  great  deal  less  than  you  would  ex- 
pect if  you  based  your  computations  solely  on  the  number  of  read  and  write  cycles  re- 
quired for  each  instruction.  To  make  this  more  clear,  refer  to  Table  3-3  which  lists  the 
read  cycles,  write  cycles,  and  total  microcycles  required  for  execution  of  each  SC/MP 
instruction.  If  you  total  up  each  of  the  columns  from  this  table,  you  come  up  with  the 
following  figures: 

Total  Read  Cycles  =    79 

Total  Write  Cycles  =      3 

Total  Input/Output  Cycles  =    82 
Total  Microcycles  =466 

Based  on  these  figures,  it  would  appear  that  bus  utilization  is  less  than  20%  (82/466). 
However,  since  the  CPU  maintains  control  of  the  bus  for  approximately  two  microcycles 
each  time  a  read  or  write  cycle  is  performed,  the  actual  bus  utilization  is  quite  a  bit 
greater  than  you  would  have  expected.  For  precise  timing  parameters  refer  to  the  data 
sheets  at  the  end  of  this  chapter  Keep  in  mind  that  bus  utilization  computations  should 
be  based  not  only  on  these  data  sheets,  but  also  on  the  actual  program  being  used 
since  bus  utilization  is  directly  related  to  the  composition  of  instructions  which  com- 
prise your  program  —  these  calculations  can  differ  significantly  from  any  theoretical 
calculations  based  solely  on  a  CPU's  complete  instruction  set. 

Now,  having  discussed  those  areas  of  SC/MP  bus  access  and  utilization  which  might  be 
confusing,  let  us  proceed  to  examine  the  actual  data  input/output  operations  —  we  will 
find  that  these  SC/MP  operations  are  quite  straightforward. 


SC/MP 
DATA  INPUT 
CYCLE 


Figure  3-5  illustrates  the  timing  for  a  standard  SC/MP  data  in- 
put cycle.  This  timing  applies  regardless  of  whether  the  input  cy- 
cle is  to  access  data  from  memory  or  peripheral  devices  and  also 
applies  to  instruction  fetch  operations. 

Once  the  CPU  has  gained  access  to  the  System  Busses,  the  input  cycle  begins  by  pre- 
senting address  and  statuses  on  the  address  and  data  lines.  When  the  NADS  signal 
is  sent  out  the  least  significant  12  bits  of  address  data  are  valid  on  the  SC/MP  address 
lines,  and  the  SC/MP  data  lines  are  outputting  status  information  and  the  most  signifi- 
cant 4  bits  of  address  information.  Table  3-1  defines  the  information  that  is  output  on 
the  data  lines  while  NADS  is  true.  When  these  address  bits  and/or  status  bits  need  to 
be  latched,  either  the  leading  or  trailing  edge  of  NADS  can  be  used  as  a  clock  signal 
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Table  3-3.   SC/MP  Instruction  Execution  Times 


INSTRUCTION 

READ 
CYCLES 

WRITE 
CYCLES 

TOTAL 
MICROCYCLES 

ADD 

!        3 

0 

19 

ADE 

1 

0 

7 

ADI 

2 

0 

11 

AND 

3 

0 

18 

ANE 

1 

0 

6 

ANI 

2 

0 

10 

CAD 

3 

0 

20 

CAE 

1 

0 

8 

CAI 

2 

0 

12 

CAS 

1 

0 

6 

CCL 

1 

0 

5 

CSA 

1 

0 

5 

DAD 

3 

0 

23 

DAE 

1 

0 

11 

DAI 

2 

0 

15 

DINT 

I        1 

0 

6 

DID 

3 

1 

22 

DLY 

2 

0 

13-  131593 

HALT 

2 

0 

8 

IEN 

1 

0 

6 

ILD 

i        3 

1 

22 

JMP 

2 

0 

11                         I 

JNZ 

2 

0 

9,  1 1  for  Jump   1 

INSTRUCTION 

READ 
CYCLES 

WRITE 
CYCLES 

TOTAL 
MICROCYCLES 

JP 

2 

0 

9,  1 1  for  Jump 

JZ 

2 

0 

9,  11  for  Jump 

LD 

3 

0 

18 

LDE 

0 

6 

LDI 

0 

10 

NOP 

0 

5 

OR 

0 

18 

ORE 

0 

6 

ORI 

0 

10 

RR 

0 

5 

RRL 

0 

5 

SCL 

0 

5 

SIO 

0 

5 

SR 

0 

5 

SRL 

0 

5 

ST 

1 

18 

XAE 

0 

7 

XOR 

0 

18 

XPAH 

0 

8 

XPAL 

0 

8 

XPPC 

0 

7 

XRE 

0 

6 

xm 

2 

o      I 

10 

Note:  If  slow  memory  is  being  used,  the  appropriate  detay  should  be  added  for  each  read  or  write  cycle. 


NADS 


Floating 


Floating 


Ffoating 


Address  Valid 


Floating 


Floating 


-T1 


Floating 


Figure  3-5.   SC/MP  Data  Input  Cycle 

Shortly  after  the  trailing  edge  of  NADS,  the  Data  Bus  is  floated  and  the  Read  Data 
Strobe  (NRDS)  signal  is  output.  Valid  input  data  is  expected  prior  to  the  trailing 
edge  of  NRDS 


SC/MP 

DATA  OUTPUT 

CYCLE 


The  SC/MP  data  output  cycle  begins  in  the  same  way  as  the 

data  input  cycle.  The  only  difference  is  that  immediately  after 

the  status/address  information  is  output  on  the  data  lines,  the 

write  or  output  data  is  placed  on  the  data  lines.  As  shown  in 

Figure  3-6,  the  NWDS  signal  is  sent  out  to  indicate  when  valid  output  data  is  present 

Either  the  leading  or  trailing  edge  of  NWDS  could  be  used  to  latch  the  output  data  into 

external  data  latches. 
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Address  Valid 


Floating 


Floating 


AD12  -  AD15 


*And  Status  Output! 


Output  Data  Valid 


Floating 


Floating 


i—n 


Floating 


Figure  3-6.  SC/MP  Data  Output  Cycle 


The  data  input/output  cycles  just  described  allow  approx-       SC/MP  NHOLD 
imately  one  microcycle  for  external  logic  to  respond.  If  addi-       SIGNAL  FOR 
tional  access  time  is  required,  the  NHOLD  input  signal  to  the       SLOW  I/O 
CPU   can  be  used  to  lengthen  an  input/output  cycle.  The       OPERATIONS 

NHOLD  signal  can  be  set  low  any  time -prior  to  the  trailing  edge  of 
NRDSorNWDS  as  shown  in  Figure  3-7;  this  causes  the  trailing  edge  of  NRDS  or  NWDS 
to  be  delayed  until  after  NHOLD  has  been  returned  high.  On  data  input  cycles,  the  time 
until  valid  input  data  must  be  presented  is  simply  delayed.  On  data  output  cycles,  the 
valid  output  data  is  maintained  on  the  data  lines  by  the  CPU  until  the  delayed  trailing 
edge  of  NWDS 


-it 


NRDS/NWDS 


Normal  strobe  timing 


J 


«- 


*  Delayed  strobe 


Figure  3-7.  NHOLD  Signal  Used  To  Lengthen  SC/MP  I/O  Operation 

The  NHOLD  signal  causes  the  I/O  cycle  to  be  lengthened  in  increments  of  1/2 
microcycle.  There  is  no  limit  on  the  duration  of  the  NHOLD  signal. 

THE  SC/MP  HALT  STATE 

The  SC/MP  Halt  state  differs  from  those  described  for  other  microprocessors  in 
this  book  in  one  significant  and  unusual  way  —  execution  of  the  SC/MP  Halt  in- 
struction does  not  cause  the  CPU  to  enter  the  Halt  state.  Instead,  when  SC/MP  ex- 
ecutes a  Halt  instruction,  it  simply  outputs  the  H-Flag  status  on  data  line  7  (DB7)  when 
NADS  is  true. 

In  order  to  actually  place  the  CPU  in  the  Halt  state  the  CONT  input  signal  to  the 
CPU  must  be  forced  low. 

You  can  use  external  logic  to  force  CONTIN  low  either  in  response  to  the  H-Flag  or  com- 
pletely asynchronously:  whenever  a  low  is  applied  to  the  CONTIN  input,  the  CPU  en- 
ters the  Halt  state  upon  completion  of  the  current  instruction.  Figure  3-8  shows  a  circuit 
that  can  be  used  to  force  the  CPU  into  the  Halt  state  when  a  Halt  instruction  is  ex- 
ecuted. When  DB7  is  output  high  while  NADS  is  true,  it  indicates  the  Halt  instruction 
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has  been  executed:  this  combination  of  events  is  used  to  generate  a  low-going  pulse 
(NHALT)  which  is  applied  to  the  clear  (CLR)  input  of  a  D  flip-flop.  The  Q  output  of  the 
flip-flop  is  applied  to  the  CONT  input  signal  to  the  CPU.  Thus,  whenever  a  Halt  instruc- 
tion is  executed,  the  CPU  will  be  forced  into  the  Halt  mode.  CPU  operation  is  resumed 
when  the  start  switch  S1  is  momentarily  closed  to  the  NO  contacts.  This  causes  a  posi- 
tive-going clock  pulse  that  sets  the  D  flip-flop  and  returns  the  CONT  input  to  the  CPU 
high. 


si 

START 


SWITCH 
DEBOUNCER 


1 


SC/MP 


<3z^ 


Figure  3-8.  Circuit  To  Cause  Programmed  Halt  For  SC/MP  CPU 

While  the  SC/MP  CPU  is  in  the  Halt  state,  the  address  and  data  lines  are  floated. 
The  CPU  remains  in  the  Halt  state  until  the  CONT  input  is  returned  high.  There  is 
one  exception  to  this  rule:  if  an  interrupt  request  is  detected  while  in  the  Halt 
state,  the  CPU  responds  to  the  interrupt  by  executing  a  single  instruction.  Thus, 
you  could  use  the  first  instruction  of  your  interrupt  service  routine  to  reset  the  external 
CONT  input  signal,  and  thereby  terminate  the  Halt  state. 

SC/MP  INTERRUPT  PROCESSING 

The  SENSEA  input  signal  to  the  SC/MP  CPU  serves  as  the  interrupt  request  line  if 
bit  3  of  the  CPU's  Status  register  is  set  to  "1".  Bit  3  of  the  Status  register  is  the 
Interrupt  Enable  (IE)  flag  and  can  be  set  using  the  Interrupt  Enable  (IEN)  instruc- 
tion. 

When  interrupts  are  enabled,  the  SENSEA  input  line  is  tested  at  the  beginning  of 
every  instruction  fetch  operation  as  shown  in  Figure  3-9.  If  SENSEA  is  high,  the  IE 
flag  is  reset,  and  the  contents  of  the  Program  Counter  are  exchanged  with  the 
contents  of  Pointer  Register  3.  In  other  words,  Pointer  Register  3  must  contain  the 
beginning  address  of  your  interrupt  service  routine.  The  return  address,  that  is,  the  ad- 
dress at  which  program  execution  must  continue  after  the  interrupt  request  has  been 
serviced,  is  now  held  in  Pointer  Register  3  Thus,  the  return-fnom-interrupt  sequence 
would  be  to  set  the  IE  flag  high  and  then  once  again  exchange  the  contents  of  the  Pro- 
gram Counter  and  Pointer  Register  3  to  resume  the  main  program. 
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Let  us  examine  some  of  the  special  requirements  and  limitations  of  this  interrupt 
processing  sequence.  First,  before  enabling  interrupts  you  must  load  Pointer 
Register  3  (P3)  with  the  beginning  address  of  your  interrupt  service  routine. 
Notice  that  the  contents  of  P3  should  actually  be  one  less  than  the  beginning  ad- 
dress of  the  first  instruction  since  the  new  contents  of  the  Program  Counter  will 
be  incremented  prior  to  fetching  the  instruction. 


O 


INTERRUPT 


YES 


RESET  INTERRUPT 

ENABLE  FLAG 
EXECUTE  XPPC  3 


INCREMENT  PROGRAM 
COUNTER.  FETCH  AND 
EXECUTE  INSTRUCTION 


Figure  3-9,  SC/MP  Interrupt  Instruction  Fetch  Process 
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Next,  if  you  compare  the  interrupt  response  of  SC/MP  to  those  of  most  other 
microcomputers  or  to  our  hypothetical  microcomputer  described  in  Volume  I,  you 
will  notice  that  the  following  two  steps  are  missing: 

1 )  There  is  no  interrupt  acknowledge  signal. 

2)  None  of  the  SC/MP  register  contents  are  saved. 

In  a  SC/MP  system,  both  of  these  functions  are  left  up  to  your  interrupt  service 

routine.  For  example,  you  might  provide  an  interrupt  acknowledge  indication  using  one 
of  the  CPU  Flag  outputs  or  by  outputting  a  specially  defined  address.  If  it  is  necessary  to 
save  the  contents  of  the  SC/MP  registers,  this  must  also  be  done  by  your  program  using 
a  software  stack  or  a  predefined  area  of  read/write  memory.  You  must  also  provide  the 
instructions  necessary  to  restore  the  contents  of  any  "saved"  registers  since,  as  we 
shall  discuss  next  the  return-from-interrupt  sequence  used  by  SC/MP  is  also  quite  pri- 
mitive. 


SC/MP  RETURN 
FROM  INTERRUPT 
TECHNIQUE 


The  final  unusual  aspect  of  the  SC/MP  interrupt  system  is 
that  there  is  no  Return-Frorri-lnterrupt  instruction.  Instead, 
as  we  mentioned  earlier,  the  last  instruction  of  your  inter- 
rupt service  routine  must  be  an  XPPC  P3  instruction  which 
restores  the  original  contents  of  the  Program  Counter  by  exchanging  the  contents 
of  PC  and  P3.  This  might  seem  quite  straightforward,  but  it  will  require  some 
special  programming  considerations. 

The  XPPC  P3  instruction,  which  we  just  mentioned,  restores  the  correct  value  to  the 
Program  Counter  —  but  what  about  P3?  Remember  that  P3  is  always  supposed  to  point 
to  the  beginning  address  (minus  1}  of  your  interrupt  service  routine  (if  interrupts  are 
enabled).  Yet,  the  interrupt  response  sequence  we  just  described  loaded  the  contents 
of  P3  into  the  Program  Counter  (PC)  and  then  incremented  the  PC  And,  as  our  interrupt 
service  routine  is  executed,  the  contents  of  PC  will  be  incremented  each  time  an  in- 
struction is  executed  Thus,  when  we  complete  the  interrupt  service  routine  and  again 
exchange  the  contents  of  PC  and  P3,  we  will  be  loading  P3  (our  service  routine  pointer) 
with  a  value  that  has  been  altered.  So,  the  problem  is  —  how  do  we  perform  an  inter- 
rupt service  routine  and  ensure  that  P3  will  contain  the  correct  pointer  value  upon  com- 
pletion of  the  service  routine. 

The  solution  to  this  quandary  requires  a  closer  examination  of  interrupt  service 
routines.  A  typical  interrupt  service  routine  might  consist  of  three  primary  segments. 
One  segment  would  be  the  entry  point  to  the  routine  and  would  include  such  things  as 
register  save  operations:  let  us  call  this  segment  "S1".  The  second  segment  would  be 
the  instruction  sequence  which  actually  services  the  device  which  requested  the  inter- 
rupt, we  will  call  this  segment  "S2'\  The  final  segment  would  restore  registers  and 
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other  system  elements  to  their  'pre-interrupt'  values,  and  then  return  control  to  the 
main  (interrupted)  program:  we  will  call  this  segment  "S3".  Thus,  the  entire  interrupt 
recognition/response/return  sequence  might  be  represented  as  follows: 

(We  will  use  arbitrary  addresses  to  simplify  our  discussion.) 


pel      6616     I- 
P3l     M3f    V 


After  the  SC/MP  responds 
to  the  interrupt: 


P3C 


0Q40       ■- 


MAIN 
PROGRAM 


003E 
003F 


-Interrupt  request  recognized  at  this  point. 
SC/MP  performs  an  XPPC  P3  operation. 


INTERRUPT 
SERVICE 
ROUTINE 


S1 

Entry  point 

and  save 

routine 


S2 

Main  body 

of  service 

routine 


S3 
Restore 
routine 
and  return 
to  main 
program 


053F 
0540 


054F 
0550 


055F 
0560 


-<  Last  instruction  of  your  interrupt 
service  routine  is  XPPC  P3. 
After  this  instruction  


0040 


:g 


D 


056F 


■  Control  is  returned  to  Main  Program 
resuming  at  point  of  interruption. 
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This  sequence  causes  a  proper  return  to  the  interrupted  program  hut,  as  we  have  dis- 
cussed, does  not  leave  us  with  our  desired  pointer  value  (053F  in  this  example)  in  P3. 
The  solution  requires  us  to  rearrange  the  segments  of  our  interrupt  service  routine  as 
follows; 


MAIN 
PROGRAM 


003E 

003F 

0040 

pt    f         7T?1F      "^ 

INTERRUPT 
SERVICE 
ROUTINE 

S3 
Restore 
routine 
and  return 
to  main 
program 

Last  instruction  of  your  service 
053F   «*      routine  is  XPPC  P3 
0540    «■» First  instruction  of 

interrupt  service  routine 

054F 
0550 

055F  -"«B8 This  location  contains  a  Jump  instruction 

After  SC/MP  responds 
to  the  interrupt: 

PC  t       0540        | 

St 

Entry 

point  and 

save  routine 

P3    I         6646          | 

S2 

Main  body 

of  service 

routine 

to  the  beginning  of  S2  at  address  0530  -. 


Now,  our  entry  point  for  the  interrupt  service  routine  is  still  0540,  so  we  load  P3  with  a 
pointer  of  053F  as  before.  However,  by  rearranging  the  segments  and  adding  a  Jump 
instruction  at  the  end  of  the  second  segment  (S2),  we  can  have  the  last  instruction  of 
our  interrupt  service  routine  located  at  053F.  When  this  instruction  (XPPC  P3)  is  ex- 
ecuted the  following  operation  occurs: 


PC  I       053F 


P3  I       0040 


0040 


j  PC 


053F        I  P3 


We  have  now  returned  control  to  the  main  program  and  we  have  also  restored  the  con- 
tents of  P3  to  the  required  pointer  value  to  allow  servicing  of  subsequent  interrupts 
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One  final  point:  the  CPU's  interrupt  processing  sequence  resets  the  Interrupt 
Enable  (IE)  flag  to  zero.  To  allow  subsequent  interrupts  to  be  serviced,  your  ser- 
vice routine  must  set  the  IE  flag  to  "1".  This  would  typically  be  the  next  to  last  in- 
struction of  your  interrupt  service  routine.  So  the  sequence  of  instructions  would  be: 


IEN  SET  IE  FLAG  TO  1 

XPPC         P3  RETURN  TO  MAIN  PROGRAM 

FIRST  INSTRUCTION  OF  SERVICE  ROUTINE 

SC/MP  DMA  AND  MULTIPROCESSOR  OPERATIONS 

Because  the  SC/MP  CPU  is  a  low-cost,  low-performance  microprocessor,  its  designers 
anticipated  that  it  would  frequently  be  used  in  systems  which  include  other  devices  of 
equal  or  greater  intelligence  and  processing  power  Accordingly,  logic  is  provided  on 
the  CPU  which  provides  a  simple  yet  effective  method  of  operating  in  systems 
where  the  System  Busses  are  shared.  The  logic  required  to  implement  a  shared-bus 
system  is  essentially  the  same  regardless  of  whether  the  purpose  is  to  allow  another 
device  (such  as  a  high-speed  peripheral)  to  perform  a  DMA  operation  or  if  it  is  required 
because  there  is  more  than  one  CPU  operating  in  the  system,  There  are  a  few  rather 
subtle  differences  between  the  techniques  used  and  we  shall  point  these  out  as  we  pro- 
ceed with  our  discussion. 


As  we  have  already  described,  three  SC/MP  signals  are  dedi-  SC/MP 

cated  to  bus-sharing  activities;  BREQ  is  an  input/output  BUS-SHARING 

signal  which  serves  both  as  a  bus-request  and  bus-busy  CONTROL 

signal,  ENIN  is  effectively  a  bus-grant  input  signal,  and  SIGNALS 

ENOUT  is  an  output  signal  that  can  be  used  to  establish  

priorities  in  daisy  chained  configurations.  Let  us  begin  by  seeing  how  SC/MP  might 
operate  in  a  system  which  includes  a  DMA  controller. 

The  DMA  logic  provided  by  the  SC/MP  CPU  is  nearly  the  inverse  of  that  provided 
by  other  microcomputers  in  this  book.  Most  CPUs  assume  that  they  always  have  con- 
trol of  the  System  Busses.  If  another  system  device  requires  access  to  the  System 
Busses,  it  makes  a  request  to  a  DMA  controller  which,  in  turn,  inputs  a  signal  to  the 
CPU  requesting  that  the  CPU  yield  control  of  the  busses.  When  the  CPU  has  no  need  for 
the  bus,  it  outputs  an  acknowledgement  signal  to  the  DMA  controller  which  then  sends 
a  bus-grant  signal  to  the  requesting  device.  The  SC/MP  CPU,  however,  competes  for 
the  System  Busses  just  as  any  other  system  device:  it  never  assumes  that  it  has 
control  of  the  busses.  Thus,  there  are  really  no  special  considerations  that  need  be  ac- 
counted for  when  designing  DMA  logic  for  systems  that  include  the  SC/MP  CPU.  The 
DMA  controller  can  treat  the  CPU  as  simply  another  device  (no  different  from  a  periph- 
eral device,  albeit  the  CPU  might  be  assigned  to  a  higher  priority)  that  requires  access 
to  the  System  Busses.  Therefore,  a  typical  DMA  application  would  only  require  the  use 
of  the  SC/MP  BREQ  and  ENIN  signals  as  shown  in  Figure  3-10. 
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DMA 
CONTROLLER 


C=> 


<=> 


SC/MP 


C=> 


c=o 


DEVICE 
2 


BREQ 
(DMAREQO) 


ENIN 
(DMACKO) 


Figure  3-10,  Using  SC/MP  In  A  System  With  Direct  Memory  Access 


SC/MP  IN 

MULTIPROCESSOR 

SYSTEMS 


Now  let  us  look  at  how  the  SC/MP  bus-sharing  logic  might 
be  used  in  a  multiprocessor  system.  It  is  in  such  a  system 
that  the  CPU's  bus-sharing  logic  can  be  most  appreciated. 
First,  let  us  restate  the  rules  which  govern  the  conditions 
of  the  SC/MP  ENOUT  output  signal. 

1)  ENOUT  is  always  low  while  SC/MP  is  actually  using  the  System  Busses;  that 
is,  while  the  ENIN  input  and  BREQ  output  are  both  high. 

2)  When  SC/MP  is  not  using  the  System  Busses  (either  BREQ  output  or  ENIN  in- 
put low),  ENOUT  is  held  in  the  same  state  as  the  ENIN  input. 

The  effect  of  these  rules  may  not  be  immediately  obvious.  To  see  how  they  func- 
tion to  simplify  bus-sharing,  let  us  construct  a  simple  multiprocessor  system  con- 
sisting of  two  SC/MP  CPUs  and  some  memory. 
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BREQ1 
ENIN1  EN0UT1 


SC/MP 

#1 


£ 


I 


SC/MP 

#2 


7> 


lz 


SYSTEM  BUSSES 


77 


<Z 


ZI 


There  are  three  possible  situations  that  can  exist  with  this  configuration. 

1)  If  one  of  the  CPUs  is  currently  using  the  bus,  it  is  outputting  a  high  on  the  BREQ 
line.  This  automatically  prevents  the  other  CPU  from  vying  for  the  bus  until  the 
BREQ  line  goes  low  upon  completion  of  the  bus  access  by  the  first  CPU. 

2)  If  neither  CPU  is  currently  using  the  bus,  the  BREQ  line  is  low.  If  one  of  the  CPUs  re- 
quires bus  access,  it  can  now  output  a  high  on  the  BREQ  line.  Once  again,  this  will 
prevent  the  other  CPU  from  subsequently  vying  for  the  bus. 

Thus  far  there  would  seem  to  be  no  need  for  any  control  signals  except  the 
bidirectional  BREQ  line.  However,  it  is  when  the  third  possible  situation  is  en- 
countered that  the  ENIN  and  ENOUT  signals  are  needed. 
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3)  If  both  CPUs  require  bus  access  at  the  same  time,  each  will  test  the  BREQ  line  and, 
finding  it  low,  will  output  a  high  on  BREQ,  This  simultaneous  occurrence  of  re- 
quests for  bus  access  is  resolved  by  using  the  ENIN  and  ENOUT  signals.  The  opera- 
tion of  these  bus  access  signals  to  resolve  this  situation  can  be  illustrated  as 
follows: 


SC/MP  #1  BUS 
ACCESS  COMPLETE 


SC/MP  #2  BUS 
ACCESS  COMPLETE 


v  SC/MP  #2  DENIED 
BUS  ACCESS 


SC/MP  #2  GRANTED 
BUS  ACCESS 


When  the  BREQ  line  goes  high  it  applies  a  high  input  to  the  ENIN  1  input  of  SC/MP  #1 
Since  BREQ1  is  also  high  at  this  time,  SC/MP  #1  now  has  access  to  the  bus  and  it  out- 
puts a  low  on  ENOUT  1  This  is  applied  to  the  ENIN2  input  to  SC/MP  #2  and  thus  denies 
bus  access  by  SC/MP  #2  Notice  that  SC/MP  #2  holds  its  BREQ2  output  signal  high 
even  though  its  request  has  not  yet  been  granted.  When  SC/MP  #1  has  finished  its  bus 
access,  the  BREQ1  output  returns  low.  However,  since  the  BREQ2  output  is  still  high 
ENIN1  remains  high  This  condition  of  BREQ  1  low  and  ENIN  1  high  causes  the  ENOUT 1 
signal  to  go  high  thus  enabling  SC/MP  #2. 

This  arrangement  allows  the  first  CPU  in  a  daisy-chain  string  to  have  the  highest 
priority  for  bus  access  and  also  automatically  allows  any  other  CPU  to  gain  im- 
mediate access  to  the  busses  whenever  they  become  available. 


SC/MP  CONTROL 
TECHNIQUES  IN 
MULTIPROCESSOR 
APPLICATIONS 


Now  that  we  have  described  the  way  in  which  the  bus-sharing 
logic  of  the  SC/MP  CPU  can  be  used  in  a  multiprocessor 
system,  let  us  continue  just  a  bit  further  and  describe  a  few 
more  common  considerations  that  you  must  deal  with  if  you 
are  designing  a  multiprocessor  system.  We  will  limit  this  dis- 
cussion primarily  to  hardware  and  control  considerations  since  programming  in  a 
multiprocessor  system  can  become  quite  complex  and  is  beyond  the  scope  of  this  book 
However,  the  techniques  we  will  describe  here  are  the  first  step  towards  simplifying  the 
programming  for  such  a  system. 

The  first  operation  that  you  must  deal  with  in  any  microcomputer  system  is  in- 
itialization of  the  system.  This  operation  requires  some  additional  thought  when 
designing  a  multiprocessor  system.  Typically,  one  CPU  will  be  the  primary  or  controll- 
ing CPU:  how  do  you  ensure  that  this  CPU  has  control  of  the  system  when  power  is 
first  applied? 

Figure  3-11  illustrates  an  easy  method  of  establishing  system  control  upon  in- 
itialization. The  system  reset  signal  (NRSU  which  is  generated  at  power-up  is  applied 
to  SC/MP  #1.  TheFlagl  output  from  SC/MP  #1  is  then  applied  to  the  NRST  input  of 
SC/MP  #2.  Since  the  Flag  1  line  is  connected  to  a  bit  in  the  CPU's  Status  register  which 
is  set  to  zero  on  power-up,  SC/MP  #2  will  be  held  in  a  reset  condition  until  SC/MP  #1 
executes  an  instruction  which  sets  that  bit  (and  thus,  the  Flag  1  output  line)  high 
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Figure  3-11.  One  Method  Of  Initializing  A  SC/MP  Multiprocessor  System 

Of  course,  this  method  requires  the  FLAG  1  output  from  SC/MP  #1  to  be  dedicated  to 
this  initialization  operation.  If  this  is  a  problem,  you  could  use  two  separate  initialization 
circuits  with,  for  example,  the  RC  time  constant  for  the  SC/MP  #2  circuitry  being 
greater  than  that  of  the  circuitry  for  SC/MP  #1.  This  approach,  however,  does  not  pro- 
vide the  positive  control  of  the  first  method  we  described. 

Once  the  multiprocessor  system  has  been  initialized  and  is  running,  the  bus-sharing 
logic  that  we've  already  described  will  resolve  contentions  between  the  CPUs  as  far  as 
access  to  System  Busses  is  concerned.  However,  there  might  be  situations  where  we 
want  to  assure  that  one  of  the  CPUs  will  be  guaranteed  immediate  and  extended 
access  to  the  System  Busses.  This  can  also  be  accomplished  quite  easily  with 
SC/MP  as  illustrated  in  Figure  3-12. 


Figure  3-12.  Forcing  The  Halt  State  In  A  SC/MP  Multiprocessor  System 

3-25 


In  this  illustration  the  FLAG  1  output  of  SC/MP  #2  is  inverted  and  applied  to  the  CONT 
input  of  SC/MP  #1.  Now,  if  the  F1  bit  in  the  Status  register  of  SC/MP  #2  is  set  to  "1", 
SC/MP  #1  will  be  forced  into  the  Halt  state  and  is  effectively  removed  from  the  system 
until  the  F1  bit  is  reset  under  program  control 

THE  SC/MP  RESET  OPERATION 

A  NRST  low  signal  input  to  the  SC/MP  CPU  initializes  the  microprocessor.  While 
NRST  is  low,  any  in-process  operations  are  automatically  aborted  and  the  CPU's  strobes 
,  and  address  and  data  lines  are  floated.  NRST  must  be  held  low  for  a  minimum  of  two 
microcycles.  After  NRST  goes  high  again,  this  is  what  happens: 

1)  All  of  the  programmable  registers  are  cleared. 

2)  The  first  instruction  is  fetched  from  memory  location  0001  iq. 

3)  The  Bus  Request  (BREQ)  for  this  first  input/output  operation  occurs  within  6-1/2 
microcycles  after  NRST  goes  high. 

The  NRST  signal  can  be  used  at  any  time  to  reset  the  CPU,  and  must  be  used 
following  power-up  since  SC/MP  may  power  up  in  a  random  condition.  After  power 
has  first  been  applied  to  the  CPU,  you  should  allow  approximately  100  milliseconds  for 
the  oscillator  and  internal   clocks  to  stabilize  before  applying  the  NRST  signal. 

SC/MP  SERIAL  INPUT/OUTPUT  OPERATIONS 

The  SC/MP  CPU  not  only  has  two  of  its  40  pins  designated  primarily  for  serial  in- 
put/output operations,  it  also  dedicates  one  instruction  from  its  rather  limited  in- 
struction set  solely  to  serial  I/O.  Allocation  of  this  amount  of  a  CPU's  resources  for 
this  purpose  would  seem  unwarranted  with  most  microprocessors:  however,  keep  in 
mind  that  SC/MP  is  a  very  low  cost  device  and  intended  primarily  for  use  in  slow-speed 
applications.  It  is  quite  likely  that  SC/MP  will  frequently  be  used  to  transfer  data 
serially,  so  it  is  therefore  not  only  reasonable  but  advantageous  to  provide  straightfor- 
ward methods  of  performing  these  operations.  Let  us  look  now  at  how  this  is  done  with 
SC/MP. 

In  our  description  of  SC/MP's  programmable  registers,  we  described  the  Extension  (E) 
register  as  an  8-bit  register  When  the  E  register  is  used  for  serial  I/O,  it  is  actually  a 
9-bit  register  with  connections  to  two  of  the  device  pins  as  shown  in  the  figure 
below. 

Extension  Output 

Raster  Utch 


S,N  B^ — *H  7|6|5|4|3|2|1|  oT — ^{"J — ^C5>  sour 

When  the  SC/MP  SIO  (Serial  Input/Output)  instruction  is  executed,  the  contents 
of  the  Extension  register  are  shifted  right  one  bit  position:  the  previous  contents  of 
bit  0  are  loaded  into  the  output  latch  and  output  on  the  SOUT  pin,  and  the  level  (1  or  0) 
present  at  the  SIN  pin  is  loaded  into  bit  7  of  the  Extension  register.  The  Extension 
register  can  be  loaded  from,  and  its  contents  can  be  transferred  to  the  Accumulator.  A 
typical  serial  output  operation  would  thus  consist  of: 

1)  Loading  the  Accumulator  with  the  data  byte  that  is  to  be  transmitted. 

2)  Transferring  the  contents  of  the  Accumulator  into  the  Extension  register. 

3)  Performing  eight  SIO  instructions  to  shift  the  contents  of  the  Extension  register  into 
the  output  latch  and  out  onto  the  SOUT  pin. 

Of  course,  this  sequence  does  not  cover  al!  the  programming  requirements  for  serial 
data  transfers.  For  example,  your  program  must  provide  some  method  of  timing  the  bit 
transmission.  This  is  easily  accomplished  with  SC/MP  by  using  the  Delay  (DLY)  instruc- 
tion which  can  generate  variable  time  delays  ranging  from  13  to  131,593  microcycles. 
For  asynchronous  operations,  one  of  the  SC/MP  Flags  which  are  connected  to  device 
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pins  can  be  pulsed  each  time  a  new  bit  is  shifted  out  (or  in)  and  one  of  the  sense  condi- 
tions inputs  (SENSEA  or  SENSEB)  can  be  tested  to  detect  bit  received/ready. 

THE  SC/MP  INSTRUCTION  SET 

Table  3-4  lists  the  SC/MP  instruction  set. 

Memory  reference  instructions  are  shown  as  having  either  full  or  limited  addressing 
capability.  Fuli  addressing  capability  is  identified  in  the  operand  as  follows: 

@     DISP    (X) 


I 


-  If  present,  X  stands  for  P1,  P2  and  P3,  and  indexed 
addressing  is  specified. 

-  Must  always  be  present.  Specifies  a  program 
relative  displacement. 

-  If  present,  specifies  auto-increment  or  auto- 
decrement  addressing. 

Thus,  the  real  options  associated  with  full  addressing  capability  are: 

DISP  Direct,  program  relative  addressing 

DISP(X)  Direct  indexed  addressing 

@DISP(X)        Auto-increment  or  auto-decrement  addressing 

Limited  addressing  capabilities  do  not  include  the  auto-increment  and  auto-decrement 
feature.  The  operand  field  for  instructions  with  limited  addressing  capability  is  shown 
as  follows: 

DfSP     (X) 


X 


-If  present,  X  stands  for  P1,  P2  or  P3  and  indexed 

addressing  is  specified 
■  Must  always  be  present.  Specifies  a  program 

relative  displacement. 

The  serial  I/O  instruction  inputs  serial  data  via  the  high  order  bit  of  the  Extension 
register,  and/or  outputs  serial  data  via  the  low  order  bit  of  the  Extension  register. 

The  serial  i/O  instruction  works  as  a  one-bit  right  shift  of  the  Extension  register  con- 
tents, with  bit  0  being  shifted  to  the  SOUT  pin  and  the  SIN  pin  being  shifted  into  bit  7. 
This  has  been  illustrated  along  with  the  logic  description. 

It  is  worth  noting  that  SC/MP  has  no  Jump-to-Subroutine  instruction;  rather  the  XPPC 
instruction  is  used  to  exchange  the  contents  of  the  Program  Counter  with  the  contents 
of  a  Pointer  register.  In  very  simple  applications  (and  those  are  the  applications  for 
which  SC/MP  is  intended)  this  is  a  very  effective  scheme.  Providing  subroutines  are  not 
nested,  a  subroutine's  beginning  address  may  be  stored  in  a  Pointer  register,  then  ex- 
ecution of  XPPC  moves  the  subroutine's  starting  address  to  the  Program  Counter, 
thereby  executing  the  subroutine  —  but  at  the  same  time,  the  Program  Counter  con- 
tents are  stored  in  the  Pointer  register,  thus  preserving  the  return  address.  At  the  con- 
clusion of  the  subroutine,  execution  of  another  XPPC  instruction  is  all  that  is  needed  to 
return  from  the  subroutine.  The  only  penalty  paid  is  that  one  Pointer  register  is  out  of 
service  while  the  subroutine  is  being  executed.  If  all  Pointer  registers  are  needed  by  the 
subroutine,  or  if  subroutines  are  nested, -then  the  return  address  which  is  stored  in  the 
Pointer  register  must  be  saved  in  memory.  In  these  more  complicated  applications,  one 
of  the  Pointer  registers  will  probably  be  used  as  a  Stack  Pointer,  and  addresses  will  be 
saved  on  the  Stack. 

This  type  of  subroutine  access,  while  it  may  appear  primitive  to  a  minicomputer  pro- 
grammer, is  very  effective  in  simple  microcomputer  applications. 
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The  following  symbols  are  used  in  Table  3-4. 

AC  Accumulator 

C  Carry  status 

DATA  An  8-bit  binary  data  unit 

DISP  An  8-bit  signed  binary  displacement 

E  The  Extension  register 

EA  Effective  address,  determined  by  the  instruction  Options  are: 

DISP    EA  is  [  PC]  +  DISP 
DISP(X)    EA  is  [X]  +  DISP 
@DISP(X)    EA  is  [X]  if  DISP  3=0, 

EA  is  [X]  +  DISP  if  DISP  <  0; 

in  both  cases  [X]<—  [X]  +  DISP  after  EA  is  calculated 
The  ith  bit  of  the  Extension  register 
Interrupt  Enable 
Overflow  status 
Program  Counter 
One  of  the  three  Pointer  registers 
Serial  Input  pin 
Serial  Output  pin 
Status  register 
Zero  status 
Auto-increment  flag 

Bits  y  through  z  of  a  Pointer  register.  For  example,  X<7,0>  represents 
the  low  order  byte  of  one  of  the  Pointer  registers. 
This  designates  the  available  addressing  modes  for  the  SC/MP,  as  de- 
scribed above.  In  all  three  of  the  addressing  modes,  if -128  is  specified  for 
DISP,  the  contents  of  the  Extension  register  are  used  instead  of  DISP. 
Contents  of  location  enclosed  within  brackets  If  a  register  designation  is 
enclosed  within  the  brackets,  then  the  designated  register's  contents  are 
specified,  if  a  memory  address  is  enclosed  within  the  brackets,  then  the 
contents  of  the  addressed  memory  location  are  specified. 

[f  11  Implied  memory  addressing;  the  contents  of  the  memory  location  desig- 

nated by  the  contents  of  a  register. 

A  Logical  AND 

V  Logical  OR 

V  Logical  Exclusive~OR 

«—  Data  is  transferred  in  the  direction  of  the  arrow 

* *  Data  is  exchanged  between  the  two  locations  designated  on  either  side 

of  the  arrow. 

Under  the  heading  of  STATUSES  in  Table  3-4,  an  X  indicates  statuses  which  are 
modified  in  the  course  of  the  instructions  execution.  If  there  is  no  X,  it  means  that  the 
status  maintains  the  value  it  had  before  the  instruction  was  executed. 


E<i> 

IE 

0 

PC 

X 

SIN 

SOUT 

SR 

Z 

@ 

X<y,z> 

@DISP{X) 
t  3 
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The  following  symbols  are  used  in  Table  3-5: 

aa         Two  binary  digits  designating  the  Pointer  register; 

00  Program  Counter 

01  Pointer  Register  1 
10  Pointer  Register  2 
1  1     Pointer  Register  3 

m         One  binary  digit  specifying  address  mode: 

0  Program  Relative  or  Indexed 

1  Immediate  or  Auto-increment  or  Auto-decrement 

PP        Two  hexadecimal  digits  representing  an  8-bit,  signed  displacement. 
QQ       Two  hexadecimal  digits  representing  8  bits  of  immediate  data 

Where  two  numbers  are  given  —  for  example,  9/1 1 ,  the  first  is  execution  time  when  no 
jump  is  taken;  the  second  is  execution  time  when  there  is  a  jump 

Table  3-5    SC/MP  Instruction  Set  Object  Codes  And  Execution  Times 


INSTRUCTION 

OBJECT 
CODE 

BYTES 

MACHINE 
CYCLES 

INSTRUCTION 

OBJECT 
CODE 

BYTES 

MACHINE 
CYCLES 

ADD  @DISP(tX) 

ADE 

AD!     DATA 

11110rnaa 
PP 
70 
F4 

2 

1 

19 

7 

JN2     DISPfX) 
JP     DISP(X) 

100011aa 

PP 
100001aa 

PP 

2 
2 

9/11 
9/11 

AND  @D!SP(IX) 

QQ 
11010maa 

2 

18 

JZ     D1SP(X) 

100010aa 
PP 

2 

9/11 

ANE 

AN!     DATA 

PP 
50 
D4 

1 

2 

6 

10 

LD  ©DISPflX) 
LDE 

11000maa 
PP 
40 

2 

1 

18 
6 

CAD     DISRX) 

QQ 

11111maa 
PP 

2 

20 

LDI     DATA 
NOP 

C4 
QQ 
08 

2 

1 

10 
5-10 

CAE 

CAI     DATA 

78 
FC 

1 
2 

8 
12 

OR  @DISP(IX) 

11011maa 
PP 

2 

18 

CAS 
CCL 
CSA 

DAD  @DISP(IX) 

QQ 
07 
02 
06 
11101maa 

1 
1 
1 
2 

6 
5 
5 
23 

ORE 

ORI     DATA 

RR 
RRL 

58 
DC 
QQ 
IE 
1F 

1 
2 

1 
1 

6 
10 

5 
5 

DAE 

DAI     DATA 

68 
EC 

1 
2 

11 
15 

SCL 
SIO 

03 
19 

1 
1 

5 
5 

DINT 

QQ 
04 

1 

6 

SR 
SRL 

1C 
1D 

1 

1 

5 
5 

DLY  DATA 
DLY     DISP 

101110aa 
PP 
4F 

2 
2 

22 
13-131,  593* 

ST  @DISP(IX) 
XAE 

11001maa; 
PP 
01 

2 

1 

18 
7 

HALT 

PP 
00 

1 

8 

XOR  @DISP0X) 

11100maa 
PP 

2 

18 

IEN 

ILD     DISPfX) 

05 
101010aa 

1 
2 

6 
22 

XPAH     X 
XPAL     X 

001101aa 
OOllOOaa 

1 
1 

8 
8 

JMP     DISP(X) 

PP 
100000aa 

2 

11 

XPPC     X 
XRE 

001111aa 
60 

1 

1 

7 
6 

PP 

I 

XRI     DATA 

E4 

2 

10 

I 

I 

QQ 

'Delay  time  depends  on  the  value  of  DATA. 
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THE  BENCHMARK  PROGRAM 

For  SC/MP,  the  benchmark  program  looks  like  this: 

LOAD  HIGH  BYTE  OF  FIRST  FREE  TABLE  BYTE 
ADDRESS  MOVE  TO  PR1  HIGH  ORDER  BYTE 
REPEAT  FOR  LOW  ORDER  BYTE 

LOAD  HIGH  BYTE  OF  I/O  BUFFER  BASE  ADDRESS 
MOVE  TO  PR2  HIGH  ORDER  BYTE 
REPEAT  FOR  LOW  ORDER  BYTE 

LOOP      LD  @0{P2)  LOAD  NEXT  BYTE  FROM  I/O  BUFFER 

AUTO-INCREMENT 
STORE  IN  NEXT  FREE  TABLE  BYTE 
DECREMENT  I/O  BUFFER  COUNT  AND  LOAD 
RETURN  TO  LOOP  IF  NOT  ZERO 
LOAD  LOW  ORDER  TABLE  ADDRESS  INTO  A 
SAVE  IN  FIRST  FREE  TABLE  BYTE  ADDRESS 

The  SC/MP  benchmark  program  makes  the  following  assumptions. 

The  address  of  the  first  free  table  byte  is  not  stored  at  the  beginning  of  the  table;  rather, 
it  is  stored  in  two  bytes  of  a  data  area,  addressed  by  Pointer  Register  3,  plus  a  displace- 
ment- The  addresses  of  these  two  bytes  are  given  by  the  displacement  TABLE  and  TA- 
BLE+1. 

It  is  assumed  that  TABLE  begins  at  a  memory  address  with  Os  for  the  low  order  eight 
binary  digits  {as  for  the  F8  benchmark  program);  therefore,  the  contents  of  the  data  area 
byte  with  address  TABLE+1  (PC3)  becomes  the  displacement  to  the  first  free  byte  of 
TABLE  Assuming  that  TABLE  has  a  maximum  length  of  256  bytes,  it  is  only  necessary 
at  the  end  of  the  data  move  operation  to  store  a  new  byte  address  into  TABLE+1,  in 
order  to  update  the  address  of  the  first  free  table  byte  This  scheme  is  illustrated  below. 

The  I/O  buffer  beginning  address  is  stored  in  two  immediate  instructions,  which  load 
the  two  halves  of  the  I/O  buffer  beginning  address  into  the  Accumulator;  each  half  is 
then  exchanged  into  a  Pointer  register. 


LD 

TABLE{P3} 

XPAH 

P1 

LD 

TABLE+1  (P3) 

XPAL 

P1 

LDI 

IOHI 

XPAH 

P2 

LDI 

iOLO 

XPAL 

P2 

LD 

@0{P2) 

ST 

@0{P1) 

DLD 

IOCNT(P3) 

JNZ 

LOOP 

XPAL 

P1 

ST 

TABLE+1  <P3) 
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The  SC/MP  benchmark  program  assumptions  may  be  illustrated  as  follows: 

MEMORY 


Program 
Area 


AA 


BB 


Middle  of  256-byte  data  area 
addressed  by  P3 


XPAH 
LDI 


■  Start  of  IOBUF 


■  Start  of  TABLE 


■  First  free  byte  of  TABLE 


SUPPORT  DEVICES  FOR  THE  SC/MP  CPU 

As  we  mentioned  at  the  beginning  of  this  chapter,  there  is  no  SC/MP  "family"  of 
support  devices.  It  is  expected  that  you  will  use  standard  off-the-shelf  buffers, 
bidirectional  drivers,  RAM  and  ROM  to  implement  any  supporting  functions 
needed.  Figure  3-13  illustrates  a  SC/MP  system  and  the  type  of  supporting 
devices  that  might  be  needed.  Notice  that  the  buffers,  latches  and  I/O  ports  are  all  in- 
dicated by  dotted  lines.  We  have  done  this  because  it  is  quite  feasible  that,  some  SC/MP 
systems  might  consist  only  of  the  CPU  and  a  small  amount  of  memory,  in  such  a 
system,  there  would  not  necessarily  be  any  need  for  buffering  the  SC/MP  input/output 
lines,  nor  demultiplexing  status  and  page-select  bits  from  the  Data  Bus.  Many  systems, 
however,  will  require  some  of  the  supporting  devices  indicated  by  Figure  3-13.  In  the 
remainder  of  this  chapter  we  will  briefly  describe  how  some  of  the  commonly  required 
support  functions  for  SC/MP  can  be  implemented  using  both  standard  off-the-shelf 
devices  as  well  as  devices  from  other  microcomputer  families.. 
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BUFFERING 

SC/MP 

BUSSES 


DEMULTIPLEXING 
THE  SC/MP 
DATA  BUS 


As  we  mentioned  earlier,  the.  SC/MP  output  lines  can  each  drive 
one  TTL  load.  Some  systems,  especially  those  which  utilize  low- 
power  external  devices,  may  not  require  any  buffering.  When 
buffering  is  needed,  it  can  be  provided  using  standard  logic 
devices.  The  only  area  that  requires  any  special  attention  is  when  you  are  buffer- 
ing the  data  lines:  since  these  lines  are  used  both  for  input  and  output  of  data,  you 
must  provide  bidirectional  control  of  these  buffering  devices.  Figure  3-14  shows 
one  easy  method  of  implementing  bidirectional  buffers  for  the  SC/MP  data  lines 
using  8216  bidirectional  bus- drivers.  (The  &216  is  a  support  device  from  the  8080 
family  and  is  described  in  Chapter  4.)  The  SC/MP  NRDS  signal  is  inverted  and  used  to 
provide  directional  control  of  the  buffers  When  the  SC/MP  is  performing  a  read  opera- 
tion, NRDS  is  output  low:  this  causes  the  contents  of  the  system  Data  Bus  to  be  gated 
through  the  buffers  and  onto  the  SC/MP  data  lines.  At  all  other  times,  NRDS  is  high  and 
whatever  is  on  the  SC/MP  data  lines  is  passed  onto  the  system  Data  Bus. 

If  you  need  to  use  the  four  most  significant  address  bits 
(AD12- AD15)  for  page  select  functions  or  if  you  are 
going  to  make  use  of  the  I/O  cycle  status  information 
that  SC/MP  outputs,  you- must  demultiplex  this  infor- 
mation from  the-SC/MP  data  lines.  The  most  straightforward  way  of  doing  this  is 
to  use  D-type  flip-flops  or  data  registers  with  the  SC/MP  NADS  signal  as  the  clock 
pulse.  Here  are  some  standard  7400  family  devices  that  might  be  used: 

•7475  Double  2-Bit  Gated  Latches  witrvQ  and  Q  Outputs 

•  7477  Double  2-Bit  Gated  Latches  with  Q  Output  Only 

•  74100  Double  4-Bit  Gated  Latches 

•  74166  Dual  4-Bit  Gated  Latches  with  Clear 

•74174  Hex  D-Type  Flip-Flops  with  Common  Clock  and  Clear 
•74175  Quad  D-Type  Flip-Flops  with  Common  Clock  and  Clear 

Some  of  these  devices  require  that  the  NADS  signal  be  inverted  to  provide  the  necess- 
ary clocking  signal  Remember,  though,  that  the  SC/MP  address  and  status  information 
is  valid  during  both  the  leading  edge  (high-to-low  transition)  and  trailing  edge  (low-to- 
high  transition)  of  NADS:  this; generally  simplifies  the  demultiplexing  operation, 

Another  method  of  demultiplexing  the  address  bits  from  the  data  lines  is  to  use 
address  decoding  devices  that  are  clocked  by  the  IMADS  signal  and  provide 
latched  outputs.  These  latched  outputs  can  then  be  used  as  the  page  select  sig- 
nals (or  device  select  signals)  during  I/O  cycles. 
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Figure  3-14    SC/MP  Data  Lines  Buffered  Using  8216  Devices 

USIWG  OTHER  MICROCOMPUTER  SUPPORT 
DEVICES  WITH  THE  SC/MP  CPU 

Although  there  is  no  SC/MP  "family"  of  support  devices,  there  is  nothing  to  pre- 
vent us  from  using  support  devices  from  other  microcomputer  "families".  We 
have  already  shown  one  simple  example  —  the  use  of  8216  bidirectional  bus  dri- 
vers to  buffer  the  SC/MP  data  lines.  The  SC/MP  CPU  provides  numerous  control 
signals  which  allow  general-purpose  microcomputer  support  devices  to  be  in- 
cluded in  a  SC/MP  system.  We  will  now  describe  a  couple  of  specific  examples  of 
how  this  can  be  done  —  these  examples  will  serve  as  guidelines  for  interfacing 
SC/MP  to  other  support  devices. 

The  Microprocessor  Interface  Latch  Element  (MILE)  is  a  sup- 
port device  from  the  PACE  microcomputer  family  and  is  de- 
scribed in  detail  in  Chapter  14.  The  MILE  can  be  used  to  pro- 
vide an  8-bit,  bidirectional  I/O  port  in  a  SC/MP  system  as 
shown  in  the  figure  below. 


THE  PACE 
MILE  USED 
IN  A  SC/MP 
SYSTEM 


Derive  CS  from  ■ 
Address  Bus 


Data  to  /from 
SC/MP 


1 


CS 

DBO 

P0 

DB7 

DIN2 

MILE 

P7 
flIN 

& 

8*-0 

DOUT2 

DIN1 

POUT 

^t— 

DOUT1 

Data  to/from 
external  logic 


External  logic  must 

generate  these  control  signals 


3-39 


The  chip  select  (CS)  signal  must  be  derived  from  the  Address  Bus  and  could  consist  of  a 
single  address  line,  a  page  select  signal,  or  the  output  of  address  decoding  logic. 
Remember  that  the  SC/MP  CPU  does  not  differentiate  between  memory  and  I/O 
devices:   it  treats  the  MILE  simply  as  a  memory  location. 

Directional  control  of  the  MILE  is  provided  by  the  SC/MP  read  strobe  {NRDS)  and  write 
strobe  (NWDS)  signals.  NRDS  is  connected  to  the  MILE's  DOUT2  input  signal:  when 
NRDS  and  CS  are  both  low,  the  contents  of  the  MILE's  data  latches  are  gated  out  onto 
the  SC/MP  data  lines  for  input  to  the  CPU.  The  SC/MP  NWDS  signal  is  connected  to  the 
MILE's  DIN2  input:  when  NWDS  and  CS  are  both  low,  the  data  output  on  the  SC/MP 
data  lines  is  latched  into  the  MILE. 

In  the  figure  above,  the  MILE's  DIN1  and  DOUT1  signals  are  continuously  enabled 
by  connecting  them  to  +5V.  An  alternate  method  of  using  these  two  signals 
would  be  to  connect  them  to  address  lines  in  order  to  simplify  the  address  decod- 
ing requirements  of  the  SC/MP  system  as  shown  in  the  figure  below. 

In  this  example,  data  transfers  between  the  MILE  and  SC/MP  are  enabled  when 
address  bit  1 1  (AD1 1)  is  a  zero  and  AD  10  is  a  1.  This  figure  also  shows  the  two 
handshaking  signals  (STD  and  STP)  provided  by  the  MILE.  These  signals  can  be 
applied  to  the  SENSEA  or  SENSEB  inputs  to  SC/MP  to  implement  simple  I/O 
handshaking  schemes. 


From 
SC/MP 
CPU  NRDS 


Data  to/from 
external  logic 


Externa!  logic  must  generate 
these  control  signals 


TO  SC/MP 
SENSE  INPUTS 


The  8212  I/O  port  from  the  8080  microcomputer  family  is  a 
device  similar  to  the  MILE:  the  only  difference  is  that  while 
the  MILE  can  operate  bidirectionally,  the  '8212  is  unidirec- 
tional. The  signal  connections  required  to  use  the  8212  with 
SC/MP  are  quite  simple: 


THE  8212 
I/O  PORT 
USED  IN 
SC/MP 
SYSTEMS 


Data  to 

SC/MP 

CPU 

NRDS 

Derived  from 

Address  Lines 

SENSE  Inputs 


External  logic  strobes 
data  into  latches 


Tie  MD  to  Ground.  Now  STB  clocks 
latches  and  DS1,  DS2,enabfe  buffers 
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The  connections  shown  here  use  the  8212  as  an  input  port  with  handshaking  logic 
provided.  When  the  external  logic  latches  data  into  the  821 2  using  the  STB  signal,  the 
INT  signal  goes  low;  this  signal  can  be  applied  to  the  SC/MP  SENSEA  or  SENSEB  input 
to  inform  the  CPU  that  input  data  is  ready.  SC/MP  would  then  execute  a  service  routine 
program  that  would  include  an  instruction  to  read  data  from  the  input  port  This  in- 
struction would  send  out  the  input  port's  address,  thus  generating  the  DS2  signal  and 
then  gate  the  latched  data  onto  the  CPU  data  lines  when  the  NRDS  signal  is  generated, 
When  the  latched  data  is  read  out  of  the  821 2,  the  INT  signal  returns  high  to  complete 
the  transaction  This  sequence  is  summarized  by  the  following  timing  diagram: 


DS1  (NRDS) 


Sense  input 
to  SC/MP  CPU 


Latched  data  gated  onto  > 
SC/MP  data  lines 


Using  the  8212  as  an  output  port  in  a  SC/MP  system  re- 
quires a  simple  reversal  of  the  connections  we  described  in 
the  preceding  example. 


Data  from 

SC/MP 

CPU 


NWDS 

(from  SC/MP) 


Derived 
from  Address  lines 


DIO                       DOO 

DI7                       D07 

8212 
DS1 

STB 

DS2                       MD 

I 

~h 

' 

THE  8212  USED 
AS  AN  OUTPUT 
PORT  IN  A 
SC/MP  SYSTEM 


Data  to  external 
logic 


Tie  to  Vcc,  Now  DS1  and  DS2  clock 
latches  and  buffers  are  always  enabled 


With  this  arrangement,  data  from  the  CPU  will  be  loaded  into  the  8212  latches  when 
the  required  address  is  generated  to  apply  a  high  to  DS2  and  SC/MP  outputs  the  NWDS 
strobe  signal  Data  that  is  latched  into  the  8212  is  immediately  gated  out  onto 
DOO  -  D07  and  presented  to  external  logic 

We  will  conclude  our  discussion  of  support  devices  that  may  be  used  with  SC/MP, 
with  the  following  observation.  The  MILE  and  8212  devices,  which  we  have  used 
as  examples,  are  both  relatively  simple  support  devices.  However,  more  complex 
general-purpose  support  devices  are  usually  no  more  difficult  to  interface  to  a 
CPU.  In  fact,  the  interface  is  often  simpler,  from  a  hardware  point  of  view, 
because  such  things  as  mode  control  are  handled  by  software. 
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absolute  maximum  ratings 

Voltage  at  Any  Pin                    Vgg  +  0.3V  to  Vss  -  20V 
Operating  Temperature  Range                       0°C  to  +70°C 
Storage  Temperature  Range                    -65°  C  to  +150°C 
Lead  Temperature  (Soldering,  10  seconds)               300QC 

electrical  characteristics     <ta  =  o°c  to  +7o°c,  vSs  =  +5  v  ±  5%,  vGg  =  -7  v  ±  5%) 

Parameter                           j                   Conditions                        |         Min.        |     Typ.*  |        Max.          |     Units 

INPUT  SPECIFICATIONS 

ENIN,  NHOLD,  NRST,  SENSE  A, 
SENSE  B,  SIN,  DB0-DB7 
(TTL  Compatible)  (Note  2) 
Logic  "1"  Input  Voltage 

vss-1 

VSS  +  0  3 

-  V 

Logic  "0"  Input  Voltage 

Vss  "10 

0.8 

V 

Pullup  Transistor  "ON"  Resistance 
(Note  2) 

V|N  =  (vSs-nv 

7,5 

12 

kS2 

Logic  "0"  Input  Current 

V|N  =  0V 

-1,6 

mA 

BREO(Note3) 

Logic  "1"  input  Voltage 

vss-i 

VSS  +  0.3 

V 

Logic  "0"  Input  Voltage 

08 

V 

X1,X2(Note4) 

Logic  "1"  Input  Voltage 

3.0 

VSS  +  0  3 

V 

Logic  "0"  Input  Voltage 

0.4 

V 

Logic  "1"  Input  Current 

V|N  =  3.0V 

5.0 

mA 

Logic  "0"  Input  Current 

V|N  =  0.4V 

-5.5 

mA 

Input  Capacitance 

(All  pins  except  VgG  an^  V§s) 

10 

pF 

Supply  Current 

'GG     /  See  Typical  Plot  of       \ 

Igg      [    Normalized  Igg  far|d       1 

I   tss3  Versus  Ambient       J 

\Temperature  on  page  6.  / 

T/\  =  0°C,  loads  on  all  outputs: 

>S!NK=  1.6mA 
/  See  diagram.  Simulated  \ 
\Current  Load,  on  page  6/ 

100 

90 

135 
125 

mA 
mA 

OUTPUT  SPECIFICATIONS 

CREQ(Note3) 

Logic  "1"  Output  Current 

V0UT  =  (VSS-DV 

-2.0 

mA 

Logic  "0"  Output  Current 

VGG  <  VoUT  <  VSS 

±10 

juA 

External  Load  Capacitance 

50 

pF 

All  Other  Outputs 

Logic  "1"  Output  Voltage 

I  OUT  =  ~80/jA 
I  OUT  =  -200/jA 

Vss-1 
2.4 

V 
V 

Logic  "0"  Output  Voltage 

|QUT=  1.6  mA 

0.4 

V 

Logic  "0"  Output  Current 

VOUT  =  -0.5  V 

4.0 

mA 

Logic  "0"  Output  Voltage 

'OUT  =  0mA  (unloaded) 

-3.0 

-0.7 

V 

"Typical  parameters  correspond  to  nominal  supply  voltage  at  25° C. 
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electrical  characteristics   (Ta  =  o°c  to  +7o°c,  vss  =  +5v  ±  5%.  vGg  =  -7 v  ±  5%)  (continued) 

Parameter                             j                    Conditions                      [             Min.          |    Typ  *  |          Max.            |   Units 

TIMING  SPECIFICATIONS  (Note  5) 

Tx  (Notes  4  and  6) 

1.0 

10.0 

lis 

820 pF  ±  10%  across  X1  &  X2 

1.0 

4.0 

ps 

fres 

crystal  with  equivalent  series 
resistance  <  6O0S2 

900 

1000 

kHz 

Address  and  Input/Output  Status 
(See  figures  5  and  6.) 
TD1  (ADSI 

(3Tx/2)  -  150 

3Tx/2 

(3Tx/2}  +  200 

TW  (ADS) 

(Tx/2)  -  250 

ns 

TS(ADDR) 

(Tx/2)  -  300 

ns 

Th  (ADDR) 

30 

50 

ns 

TS  (STAT) 

(Tx/2)  -  300 

ns 

TH  (STAT) 

30 

50 

ns 

Data  Input  Cycle  (See  figure  5  ) 
TD  (RDS) 

-80 

-50 

TW(RDS) 

(3Tx/2)~400 

ns 

TS(RD) 

300 

ns 

TH(RD) 

0 

ns 

TACC  (RD) 

2TX  -  400 

ns 

Data  Output  Cycle  (See  figure  6 ,.) 
TD  (WDS) 

Tx  -  250 

ns 

Tw  (WDS) 

Tx  -  250 

ns 

Ts  (WD) 

(Tx/2)  -  300 

ns 

TH  (WD) 

60 

100 

ns 

Input/Output  Cycle  Extend 
(See  figure  7.) 

TS  (HOLD) 

300 

ns 

TD1  (HOLD) 

300 

ns 

TD2(HOLD) 

500 

ns 

TW(HOLD) 

- 

ns 

Bus  Access  (See  figure  4J 
TD(ENOUT) 

300 

™ 

TD2  (ADS) 

(Tx/2)  -  350 

Tx  +  500 

ns 

OUTPUT  LOAD  CAPACITANCE 

External  Load  Capacitance                      j                                                         |                             |              |            75             j      pF 

Note  1 :   Maximum  ratings  indicate  limits  beyond  which  permanent  damage  may  occur.  Continuous  operation  at  these  limits  is  not  intended  and 

should  be  limited  to  those  conditions  specified  under  electrical  characteristics 

Note  2:    Pullup  transistors  provided  on  chip  for  TTL  compatibility 

Note  3:   BREQ  is  an  input/output  signal  that  requires  an  external  resistor  to  Vqq  or  ground 

Note  4:  Xi  and  X2  are  master  timing  inputs  that  are  normally  connected  to  a  1-megaheru  crystal  or  an  external  capacitor  to  control  the  frequency 

of  the  on-chip  oscillator 

A  hermetically  sealed  quartz  crystal  is  recommended  The  crystal  must  be  a  series-resonant  type  and  its  equivalent  series  resistance  must  not  exceed 

600  ohms,  Suppression  of  third  harmonic  oscillations  may  be  required  depending  on  the  characteristics  of  the  crystal,  Typically,  a  500-  picofarad 

capacitor  across  pin  X 1  or  X2  and  an  AC  ground  minimizes  third  harmonic  effects 

If  use  of  an  external  oscillator  is  desired,  the  circuit  shown  in  figure  3  or  an  equivalent  may  be  used 

Note  S:   All  times  measured  from  valid  Logic  "0"  or  Logic  "1"  level 

Note  6:  Tx  is  the  time  period  for  one  clock  cycle  of  the  on^hip  or  external  oscillator.  Refer  to  paragraph  titled  Timing  Control  for  detailed 

definition. 

•Typical  parameters  correspond  to  nominal  supply  voltage  at  25°C 
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A.  BREQ  AND  ENIN  PROCESSING  SEQUENCE 


"\     INITIATE  INPUT/OUTPI 
START  )     (INSTRUCTION  FETCH 

, /     MEMORY-REFERENCE 


UTPUTCYCLE 


INSTRUCTION  EXECUTION) 


SEE  NOTE  1 

EXECUTE  DATA  TRANSFER 
(ADDRESS  OUTPUT  FOLLOWED 
BY  READ  OR  WRITE) 

1 

SEE  NOTE2- 

BREQISPULLEDTO  VGG 
BY  EXTERNAL 
LOAD  RESISTOR 

Note  1:  ENOUT  is  always  low -while  SC/MP  is  actually 
using  bus;  that  is,  ENIN  input  and  BREQoutputare  high, 
Note  2:  When  SC/MP  is  not  using  bus  (BREQ  output  or 
ENIN  input  low),  ENOUT  is  held  in  same  state  as  ENIN 
input. 


B.    BREQ,  ENIN,  and  ENOUT  Timing 


Note  1:    ENOUT  goes  high  to  indicate  that  SC/MP  was  granted  access  to  bus  (ENIN  high)  but  is  not  using  bus 

Note  2:    ENOUT  goes  low  in  response  to  low  ENIN  input 

Note  3:    SC/MP  generates  bus  request;  bus  access  not  granted  because  .ENIN  low 

Note  4:    ENIN  goes  high.  Bus  access  now  granted  and  input/output  cycle  actually  initiated.  If  ENIN  is  set  low  while  SC/MP 

has  access  to  the  bus,  the  address  and  data  ports  will  go  to  the  high-impedance  (TRI-STATE®)  state,  but  BREQ  will  remain 

high.  When  ENIN  is  subsequently  set  high,  the  input/output  cycle  will  begin  again. 

Note  5:    I/O  cycle  completed.  ENOUT  goes  high  to  indicate  that  SC/MP  granted  access  to  bus  but  not  using  bus.  If  ENIN  had 

been  set  low  before  completion  of  input/output  cycle,  ENOUT  would  have  remained  low. 

Note 6:    ENOUT  goes  low  to  indicate  that  system  busses  are  available  for  use  by  highest-priority  requestor. 

FIGURE  4     Bus  Access  Control 
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.       .                                    .              ADDRESS  VALID 

wm 

TS(STAT) »-| 

|*«_                     »*.|         j^-TntSTAT)        . 
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1       — 1 
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Note:  Timing  is  valid  when  ENIN  is  wired  high  or  is  set  high  before  BREQ  is  set  high  by  SC/MP;  see  figure  4  for  NADS 
timing  when  ENIN  is  set  high  after  BREQ. 

FIGURE  5    SC/MP  Data  Input  Timing 


_TDl  (ADS) H-4TW  (ADS)*~| 

I 


N >fi 


*•]  |-*-TS(ADDR)  | 


y/^v/////A   i 


ADDRESS  VALID 


'/???}'///. 


>m%: 


TS<STAT)-**|       (-*-  — *.j         |-*-TH(STAT) 


X 


WRITE  DATA  VALID 


Twm. 


7/////////A 


"Y_^~ 


^|        |-*-TH  (WD) 


-H- * 


■f-TmiWDS) 


///////// 


FIGURES.  SC/MP  Data  Output  Timing 
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\. 


l««-Tw(HOL0)-*-l        I 
I 


"\ J/r 


V 


Note:   Dashed  trailing  edge  of  NRDS/NWDS  indicates  normal  strobe  timing  when  NHOLD  is  not  active. 
FIGURE  7.   Extended  Input/Output  Timing 
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absolute  maximum  ratings  (Note  n 

Voltage  at  Any  Pin   .  . -0.5V  to  +70  V 

Operating  Temperature  Range 0°C  to  +70°C 

Storage  Temperature  Range -65°C  to  +150°C 

Lead  Temperature  (Soldering,  10  seconds) 300°C 

dc  electrical  characteristics      (ta  =  o°c  to  +7o°c,  vcc  =  +5v  ±  5%) 

Parameter                                             Conditions                        Mm, 

Typ.  (Note  2)      |       Max.        |      Units 

INPUT  SPECIFICATIONS 

All  Input  Pins  Except  Vcc  and  GND 
Logic  "1"  Input  Voltage 

2  0 

vcc 

V 

Logic  "0"  Input  Voltage 

-0.5 

0,8 

V 

Input  Capacitance 

(All  pins  except  Vqq  and  GND) 

6 

pF 

Supply  Current 

ice 

TA  =  25°C 

outputs  unloaded 

45 

mA 

OUTPUT  SPECIFICATIONS 

"TRI-STATE®"  Pins  (NWDS,  NRDS, 
DB0-DB7,AD00-AD11) 

Logic  "1"  Output  Voltage 

lOUT  =  -100^A 

24 

V 

Logic  "0"  Output  Voltage 

l0UT=  1  6mA 

0.4 

V 

NADS,  FLAG  0-2,  SOUT,  NENOUT 
Logic  "1 "  Output  Voltage 

IOUT  =  -100jiA 

VCC^1 

V 

Logic  "1"  Output  Voltage 

l0UT  =  _1mA 

1.5 

V 

Logic  "O"  Output  Voltage 

'OUT  =  1  6mA 

0.4 

V 

NBREQ(Note3) 

Logic  "0"  Output  Voltage 

lO.UT  =  1.6mA 

0.4 

V 

. Logic  "1"  OutputCurrent 

0<VOUT<Vcc 

±10 

^A 

XOUT 

Logic  "1"  Output  Voltage 

lOUT  =  -100^A 

24 

V 

Logic  "0"  Output  Voltage 

|QUT=  16mA 

04 

V 
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ac  electrical  characteristics  [ta  =  25°c,  vcc  =  +5 v  ±  5%.  ttl  loading  =  ioopf  (Note  4)] 

Parameter 

Conditions 

Min. 

Typ,  (Note  2) 

Max, 

Units 

fx 

0,1 

4.0 

MHz 

Tq  (Note  5) 

500 

ns 

Microcycle 

1 

/JS 

External  Clock  Input  (see  figure  2A) 
TW0 

75 

ns 

Twi 

160 

ns 

XOUT/ADS  Timing  Relationship 
(see  figure  3) 
TH  (ADS) 

50 

ns 

Address  and  Input/Output  Status 
(see  figures  5  and  6) 
TD1  (ADS) 

3TC/2 

ns 

TW  (ADS) 

(TC/2)  -  50 

ns 

Ts(ADDR) 

(Tc/2)-150 

ns 

TH  (ADDR) 

50 

ns 

TS  (STAT) 

(TC/2)-  100 

ns 

Th  (STAT) 

50 

ns 

TH  (NBREQ) 

0 

ns 

Data  Input  Cycle  (see  figure  5) 
TD(RDS) 

0 

ns 

Tw  (RDS) 

Tc  +  TWO  -  75 

ns 

Ts(RD) 

I     250 

ns 

TH  (RD) 

0 

ns 

Tacc  (RD) 

2TC  -  300 

ns 

Data  Output  Cycle  (see  figure  6) 
TD  (WDS) 

Tc-50 

Tw  (WDS) 

TC  -  50 

ns 

TS  (WD) 

(TC/2)~150 

ns 

TH  (WD) 

100 

ns 

Input/Output  Cycle  Extend 
(see  figure  7) 
Ts(HOLD) 

300 

ns 

TD1  (HOLD) 

200 

ns 

TD2(HOLD) 

200 

ns 

Tw  (HOLD) 

oo 

ns 

Bus  Access  (see  figure  4) 
TD(NENOUT) 

300 

ns 

T02  (ADS) 

TC 

ns 

Output  Load  Capacitance 
XOUT 

30 

pF 

All  Other  Pins  (except  Vfjc  and  GND)  J                                          J 

75 

dF 

Note  1 1  Maximum  ratings  indicate  limits  beyond  which  damage  may  occur   Continuous  operation  at  these  limits  is  not  intended  and  should  be 

limited  to  those  conditions  specified  under  electrical  characteristics. 

Note  2:  Typical  parameters  correspond  to  nominal  supply  voltage  at  25° C, 

Note  3:  NBREQ  is  an  input/output  signal  that  requires  an  external  resistor  to  VCc 

Note  4:  All  times  measured  from  valid  Logic  "0"  level  =  0  8V  or  valid  Logic  "1"  level  =  2  0V 

foTdettiled  definition6  ^^  '"  'W°  C'°Ck  CV°ieS  °'  ^  ^"^  °'  ext*Tna*  °scillator  <TC  =  2/<x'   Refer  to  paragraph  titled  Timing  Control 
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A.  External  Clock  Input 


■*>— ' 


OPTIONAL 
SYSTEM  - 
CLOCK 


SC/MP 
XOOT 


EXTERNAL  CLOCK  PARAMETERS 


krwi^l 


Fv. 


C.  Crystal  with  Low-Pass  Fitter  (Above  IMHzl 


Rp 

I VW— 1        OPTIONAL 

I  DRIVER 

i |j  l| 1-4>  - -I  *}*•*  *" 


OPTIONAL 

■  SYSTEM 

CLOCK 


B.   Resistor -Capacitor  Feedback  Network 


OPTIONAL 
DRIVER 

►  ,  OPTIONAL 

4    V--  SYSTEM 
►'  CLOCK 


NOTE:  100  <R<  2k 


Typical 
i/s  RCT 

Osc 

me 

llator  Freqt 
Constant 

Y 

2000 

/ 

„    160° 

a    140° 

|    120D 

I      B0D 

s  6DD 

400 

0    0.2  0.4   0,6  08   1,0   12  1,4   1.6   1.8  2.0 
CLOCK  PERIOD  (1/fUHz) 


FIGURE  2.   Frequency  Control  Networks  for  On-Chip  Oscillator 


Suggested  values  for  Crystal  with  Low-Pass  Filter  Network? 
Crystal  Rp  C]  Ri 

2MHz  1Mft  20pF  3kH 

3.58MHz  100kS2  20pF  1  kSl 

4MHz  lOOkH  200pF  1  kD. 

D.  Crystal  with  Low-Pass  Filter  {1MHz  or  Below) 


up 
r^AAr"l       OPTIONAL 

J_r,  JL-  XTAL 

::  i 


OPTIONAL 
SYSTEM 
CLOCK 


■~\y~LT 


FIGURE  3,   XOUT/NADS  Timing  Relationship 
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A.  NBREQ  and  NENIN  Processing  Sequence 


INITIATE  INPUT/OUTPUT  CYCLE 
(INSTRUCTION  FETCH  Of* 
MEMORYREFERENCE 
INSTRUCTION  EXECUTION) 


SEE  NOTE  1 

EXECUTE  DATA  TRANSFER 
(ADDRESS  OUTPUT  FOLLOWED 
BY  READ  OR  WRITE) 

I 

SEE  NOTE  2 

NBREQ  IS  PULLED  TO  Vcc 
BY  EXTERNAL 
LOAD  RESISTOR 

Note  1:   NENOUT  is  always  high  while  SC/MP  is  actually 

using  bus;  that  is,  NENIN  input  and  NBREQ  output  are 

low. 

Note  2:  When  SC/MP  is  not  using  bus  {NBREQ  output 

or  NENIN  input  high),  NENOUT  is  held  in  same  state  as 

NENIN  input. 


B.  NBREQ,  NENIN,  and  NENOUT  Timing 


|-*TD2  (ADS 

NADS                                                                                                     ! 

1 

—wmmmmmm 

\ 

Note  1:   NENOUT  goes  low  to  indicate  that  SC/MP  was  granted  access  to  bus  {NENIN  low)  but  is  not  using  bus 

Note  2:   NENOUT  goes  high  in  response  to  high  NENIN  input. 

Note  3:  SC/MP  generates  bus  request;  bus  access  not  granted  because  NENIN  high. 

Note  4:   NENIN  goes  low..  Bus  access  now  granted  and  input/output  cycle  actually  initiated.  If  NENIN  is  set  high  while 

SC/MP  has  access  to  the  bus,  the  address  and  data  ports  will  go  to  the  high-impedance  (TRI-STATE®)  state,  but  NBREQ  will 

remain  low.  When  NENIN  is  subsequently  set  low,  the  input/output  cycle  will  begin  again. 

Note  5:   Input/output  cycle  completed.  NENOUT  goes  low  to  indicate  that  SC/MP  granted  access  to  bus  but  not  using  bus  If 

NENIN  had  been  set  high  before  completion  of  input/output  cycle,  NENOUT  would  have  remained  high. 

Note  6:   NENOUT  goes  high  to  indicate  that  system  busses  are  available  for  use  by  highest-priority  requestor. 

FIGURE  4.   Bus  Access  Control 
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Chapter  4 
THE  8080A 


The  8080A/9080A  is  the  most  widely  known  of  the  microcomputers  described  in 
this  chapter;  as  such,  it  becomes  the  frame  of  reference  in  many  people's  minds 
as  to  what  a  microcomputer  should  be. 

The  8080A  CPU  is  the  direct  descendant  of  the  8008,  which  was  developed  to 
Datapoint's  specification  for  a  device  that  would  provide  intelligent  terminal  data 
processing  logic. 

It  should  be  borne  in  mind  that  the  8080A  was  designed  as  an  enhancement  of  the 
8008,  at  a  time  when  no  definable  microcomputer  user  public  had  established  it- 
self; therefore,  many  of  the  design  features  in  the  8080A  can  be  looked  upon  as  astute 
shots  in  the  dark.  The  success  of  this  microcomputer  is  due  either  to  the  farsighted 
genius  of  its  designers,  or  to  the  fact  that  the  power  of  most  microcomputers  so  over- 
whelms the  needs  of  microcomputer  applications,  that  CPU  design  becomes  almost  ir- 
relevant when  compared  to  product  costs  and  product  availability. 

An  enhanced  version  of  the  8080A,  the  8085  is  now  available  from  Intel  only.  The 
8085  is  described  along  with  its  support  devices  in  Chapter  5.  Note  that  in  many 
cases  it  will  be  possible  to  use  8080A  support  devices  with  the  8085  CPU  You  are 
unlikely  to  use  8085  support  devices  with  the  8080A;  if  your  design  is  new  enough  to 
be  looking  at  the  8085  support  devices,  then  in  all  probability  you  would  be  using  the 
8085  CPU  in  preference  to  the  8080A 

There  is  also  a  family  of  one-chip  microcomputers  currently  available  from  Intel 
only  —  the  8048  family.  Where  the  8085  is  an  enhancement  of  the  8080  with 
many  similarities,  the  8048  is  a  somewhat  different  product.  The  8048  devices 
are  described  in  Chapter  6. 

These  are  the  8080A/9080A  devices  described  in  this  chapter: 

*  The  8080A/9080A  CPU 

©The  8224  System  Clock  Generator  and  Driver.  This  device  generates  timing  sig- 
nals for  the  entire  8080A  microcomputer  system. 

©  The  8228  System  Controller  (SC).  This  device  demultiplexes  the  data  lines  of  the 
8080A  CPU  which  are  used  for  bidirectional  data  transfer  and  to  output  control 
and  status  signals. 

®The  8251  Serial  I/O  Communication  Interface  (CI)  which  provides  a  variety  of 
synchronous  and  asynchronous  serial  data  communication  options. 

©The  fiPD379  and  the  /xPD369.  These  devices  provide  synchronous  and 
asynchronous  serial  I/O  interfaces,  respectively. 

©The  8255  Parallel  I/O  interfaces  which  provide  programmable  parallel  I/O  com- 
munication with  external  devices. 

©The  8212  Input/Output  port,  which  can  be  used  as  an  address  buffer/decoder,  a 
priority  interrupt  arbitrator,  or  an  I/O  peripheral  interface. 

©The  8257  Direct  Memory  Access  control  device,  which  enables  data  to  be 
transferred  between  memory  and  external  logic,  bypassing  the  CPU. 

©The  8253  Programmable  Timer  which  is  accessed,  as  an  I/O  device,  to  create 
delays  and  timed  pulses. 
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©The  8259  Priority  Interrupt  Control  Unit  which  arbitrates  priority  among  eight  in- 
terrupts, and  creates  appropriate  CALL  instructions  in  response  to  an  interrupt 
acknowledge. 

«The  8214  priority  interrupt  device  which  allows  a  number  of  interrupt  requests 

to  be  received  and  processed  under  program  control. 
®The  TMS5501  Multifunction  I/O  Controller,  which  provides  a  variety  of  support 

logic  functions. 

®The  8205,  8216  and  8226  address  buffer  decoders  which  provide  the  logic 
needed  to  decode  address  spaces  out  of  the  8080A  address  lines. 

Table  4-1  lists  the  sources  for  each  of  the  products  described.  Device  numbers  in 
each  column  are  the  individual  manufacturers'  device  numbers,  which  may  differ  for 
the  same  device. 


Table  4-1.  Devices  Of  The 

8080A  Microcomputer  Family 

DEVICE 

AMD 

INTEL 

NEC 

Tl 

NS 

8080A 

9080A** 

8080A 

8080A 

TMS8080A 

8080A 

8224 

8224 

8224 

8224 

SM74LS424 

8224 

8228 

8228/38 

8228/38 

8228/38 

SM74S428 

8228/38 

8251 

9551* 

8251 

8251 
MPD379 
//PD369 

8255 

9555* 

8255 

8255 

8255 

8214 

8214 

8214 

8216/26 

8216/26 

8216 

8205 

25LS138* 

8205 

8212 

8212 

8212 

8212 

SM74S412 

8253 

8253 

8253 

8259 

8259 

8259 

8257 

8257 

8257 

TMS5501 

TMS5501 

Some  parameters  vary,  but  pin-for-pin  compatible 

Five  CPU  options  are  available  offering  clock  speeds  as  fast  as  250  ns,  and 

wide  temperature  ranges. 

Companies  manufacturing  these  microcomputer  devices  are: 

INTEL  CORPORATION 
3065  Bowers  Avenue 
Santa  Clara,  CA  95051 

ADVANCED  MICRO  DEVICES 

901  Thompson  Place 
Sunnyvale,  California  94086 

TEXAS  INSTRUMENTS  INC 

P.O.  Box  1444 

Houston,  Texas  77001 

NEC  MICROCOMPUTERS  INC 

5  Militia  Drive 

Lexington,  Massachusetts  02173 

NATIONAL  SEMICONDUCTOR  CORP 

2900  Semiconductor  Drive 

Santa  Clara,  California  95050 


Siemens  Gmbh: 

SIEMENS  A.G 

Components  Group 

Balanstrasse  73  D8000 

Munich  80,  West  Germany 

are  manufacturing  the  8080A  family  of  devices  in  Europe  with  the  active  support 
of  Intel.  All  other  8080A  manufacturers  are  unauthorized.  In  consequence,  some 
differences  exist  between  Intel  and  second  source  parts;  differences  are  in  some 
cases  designed  by  the  second  source  manufacturer,  while  in  other  cases 
differences  are  accidents.  Differences  we  know  about  are  described. 

The  8080A  uses  three  levels  of  power  supply:  +5V,  +12V  and  -5V. 

Using  a  500  ns  clock,  instruction  execution  times  range  from  2  to  9  fisec 

All  8080A  devices  have  TTL  compatible  signals 

THE  8080A  CPU 

Of  the  8080A  devices  available  on  the  market,  the  NEC  8080A  is  the  only  one 
that  differs  significantly  from  the  Intel  8080A.  The  NEC  8080A  is  advertised  as  an 
upward  enhancement".  Some  of  the  NEC  8080A  upward  enhancements  result  in  pro- 
grams written  for  Intel  8080A  not  executing  correctly  on  the  NEC  8080A,  therefore  you 
should  check  carefully  for  incompatibilities  when  using  the  NEC  8080A  NEC  now 
manufactures  an  exact  8080A  reproduction  as  well;  be  sure  you  select  the  correct 
product  if  you  buy  from  NEC 

Most  differences  between  Intel  and  second  source  8080A  devices  pertain  to  maximum 
clock  frequency,  environmental  constraints  and  electrical  characteristics.  For  details 
see  the  data  sheets  at  the  end  of  this  chapter 

Functions  implemented  on  the  8080A  CPU  are  illustrated  in  Figure  4-1;  they 
represent  "typical"  CPU  logic.  The  8080A  has  an  Arithmetic  and  Logic  Unit,  Control 
Unit,  Accumulator  and  registers 

N-Channel.  silicon  gate  MOS  technology  is  used  by  all  8080A  manufacturers 

The  two  most  noticeable  features  of  the  8080A  CPU  are  the  exclusion  of  clock 
logic  and  bus  interface  logic  from  the  CPU  chip. 

The  need  for  a  separate  clock  logic  chip  simply  reflects  the  fact  that  the  8080A  was  a 
relatively  early  microprocessor  Other  microprocessors  developed  at  the  same  time  also 
required  external  clock  logic. 

Bus  interface  logic  must  also  be  provided  externally  since  the  8080A  outputs  an  inade- 
quate set  of  control  signals.  These  control  signals  are  augmented  by  instruction  status 
information  output  on  the  Data  Bus.  External  bus  interface  logic  must  combine  the  con- 
trol signals  with  the  instruction  status  signals  to  create  an  adequate  Control  Bus. 

These  characteristics  of  the  8080A  CPU  are  described  in  detail  on  the  following  pages 

The  8085  CPU  incorporates  clock  logic  and  bus  interface  logic  onto  the  CPU  chip. 
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8080A  PROGRAMMABLE  REGISTERS 

the  8080A  has  seven  8-bit  programmable  registers,  a  16-bit  Stack  Pointer,  and  a 
16-bit  Program  Counter.  These  may  be  illustrated  as  follows: 


PSW 

A 

B 

C 

D 

E 

H 

L 

SP 

PC 

Program  Status  Word  )     These  two  sometimes 
Primary  Accumulator    )     treated  as  a  16-bit  unit 
Secondary  Accumulators/Data  Counter 
Secondary  Accumutators/Data  Counter 
Secondary  Accumulators/Data  Counter 
Stack  Pointer 
Program  Counter 


The  A  register  is  an  8-bit  primary  Accumulator.  The  remaining  six  Accumulator 
registers  may  be  treated  as  six  individual,  8-bit  secondary  Accumulators,  or  else 
they  may  be  treated  as  three,  16-bit  Data  Counters,  which  we  will  refer  to  as  BC, 
DE,  and  HL  registers.  The  16-bit  HL  register  is  the  primary  Data  Counter,  and  pro- 
vides the  implied  memory  address  for  most  memory  reference  instructions;  a 
limited  number  of  memory  reference  instructions  use  the  BC  and  DE  registers  as 
Data  Counters. 

The  8080A  uses  a  memory  Stack,  addressed  by  the  Stack  Pointer. 

8080A  ADDRESSING  MODES 

The  memory  addressing  used  by  the  8080A  is  very  straightforward;  direct  ad- 
dressing and  implied  addressing  are  provided. 

The  most  frequently  used  memory  addressing  mode  is  implied  ad- 
dressing, via  the  HL  register.  This  was  the  only  memory  addressing 
mode  available  on  the  predecessor  microcomputer,  the  8008 


8080A 

IMPLIED 

ADDRESSING 


Register-register  Move,  and  Register-register  Operate  instructions  allocate  three  bits  to 
specify  one  of  eight  registers;  since  there  are  only  seven  registers,  the  eighth  code 
becomes  a  memory  reference  specification,  using  implied  addressing  via  the  HL 
register,  as  follows: 

3    2     10    *■  Bit  No. 


n 


L 


-  000  B  specified 
001  C  specified 

010  D  specified 

011  E  specified 

100  H  specified 

101  L  specified 

1 10  Memory  reference  via  HL 

1 1 1  A  specified 

Direct  addressing  is  the  only  addressing  mode  provided  for 
Jump  and  Branch  instructions;  it  is  also  available  for  a  limited 
number  of  memory  reference  instructions.  All  direct  address- 
ing instructions  are  three  bytes  long;  a  two-byte  (16-bit) 
direct  address  is  always  specified. 


8080A 

DIRECT 

ADDRESSING 
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8080A  STATUS 

The  8080 A  has  a  Status  register  with  the  following  status  flags: 

Zero  (Z) 

Sign  (S) 

Parity  (P) 

Carry  (C) 

Auxiliary  Carry  (Ac) 

SUB,  present  in  the  NEC  8080A  only 

These  status  flags  may  be  accessed  by  some  instructions  as  a  single  Program  Status 
Word  (PSW).  PSW  bits  are  assigned  as  follows: 

7    6    5    4    3    2    10  ~«m  Bit  No. 


Q-t 


*  Unassigned 

-SUB  (NEC  8080A  only) 


Instructions  that  access  register  pairs  treat  PSW  and  the  Accumulator  as  a  register  pair. 

The  8080A  uses  its  Carry  and  Sign  statuses  as  described  for  the  hypothetical 
microcomputer  in  Volume  I,  Chapter  7, 

The  Auxiliary  Carry  status  operates  in  the  same  fashion  as  the  Carry  status,  but  it 
reflects  carries  out  of  bit  3  of  an  8-bit  data  unit  This  is  a  very  useful  status  for  binary 
coded  decimal  operations,  as  was  described  in  Chapter  2  of  Volume  I 

The  Parity  status  is  set  to  1  when  there  are  an  even  number  of  1  bits  in  the  result  of  a 
data  operation;  an  odd  number  of  1  bits  causes  the  Parity  bit  to  be  reset  to  0. 

The  Subtract  status  is  present  in  the  NEC  8080A  only;  it  is 
used  during  subtract  operations  to  discriminate  between  addi- 
tion and  subtraction.  Thus  the  NEC  8080A  is  capable  of  perform- 
ing direct  binary  subtraction  rather  than  using  twos  complement 
addition.  Later  in  this  chapter,  when  describing  the  8080A  instruction  set  we  will  il- 
lustrate differences  between  direct  binary  subtraction  as  against  twos  complement  ad- 
dition. 


NEC  8080A 

STATUS 

DIFFERENCE 


AMD  9080A 

STATUS 

DIFFERENCE 


The  Auxiliary  Carry  status  is  set  and  reset  by  the  NEC  8080A 
following  execution  of  any  subtract  instruction  to  correctly  in- 
dicate whether  a  borrow  from  bit  4  occurred  during  the  subtrac- 
tion. The  Intel  8080A  uses  the  Auxiliary  Carry  at  ail  times  to  indi- 
cate a  carry  out  of  bit  3  following  addition.  The  AMD  9080A  always  clears  the  Aux- 
iliary Carry  status  following  execution  of  a  Boolean  instruction;  the  Intel  8080A 
sometimes  does  and  sometimes  does  not 

8080A  CPU  PINS  AND  SIGNALS 

8080A  CPU  pins  and  signals  are  illustrated  in  Figure  4-2. 

The  1 6  address  lines  AO  -  A1 5  output  memory  and  I/O  device  addresses.  These  are 
tristate  lines,  and  may  be  floated,  giving  external  logic  control  of  the  Address  Bus. 

The  eight  Data  Bus  lines  DO  -  D7  are  multiplexed,  bidirectional  data  lines  via 
which  8-bit  data  units  are  input  and  output,  and  on  which  statuses  are  output  dur- 
ing the  first  clock  period  of  any  machine  cycle;  statuses  on  the  Data  Bus  identify 
events  which  are  to  occur  during  the  balance  of  the  machine  cycle,  as  described  in  Ta- 
ble 4-2.  Like  the  address  lines,  the  data  lines  are  tristate. 

Remaining  signals  (excluding  power  and  ground)  may  be  divided  into  timing  con- 
trol. Data  Bus  definition,  and  interrupt  control  signals. 
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8080A 
TIMING 
CONTROL 
SIGNALS 


These  are  the  timing  control  signals: 

A  device  which  cannot  respond  to  a  CPU  access  request  with- 
in the  allowed  time  interval  extends  the  time  interval  by  pull- 
ing the  READY  input  control  low.  In  response  to  READY  low,  the 
8080A  enters  a  Wait  state,  during  which  the  CPU  inserts  an  in- 
tegral number  of  clock  periods;  WAIT  is  output  high,  and  all 
operations  are  suspended  within  the  CPU,  but  the  address  remains  stable  on  the  Ad- 
dress Bus. 

CPU  logic  can  be  stopped  between  the  end  of  one  instruction's  execution,  and  the 
beginning  of  the  next,  by  inputting  a  high  level  on  HOLD.  This  causes  the  CPU  to 
float  the  Data  and  Address  Busses,  allowing  external  logic  to  access  these  busses, 
usually  to  perform  direct  memory  access  operations. 

The  CPU  responds  to  a  HOLD  request  by  outputting  a  Hold  Acknowledge,  HLDA, 
high;  this  signal  can  be  used  by  external  logic  to  identify  the  beginning  of  the  time 
when  the  CPU  has  actually  floated  external  busses,  and  external  logic  can  take  control 
of  the  microcomputer  system. 

RESET  is  a  typical  reset  signal;  if  held  high  for  a  minimum  of  three  clock  periods,  it 
will  zero  the  contents  of  all  registers  (excluding  the  status  flags  which  maintain  pre- 
vious values),  thus  causing  program  execution  to  start  with  the  instruction  stored  at 
memory  location  0000, 


Two  signals  identify  the  condition  of  the  Data  Bus: 

When  DBIN  is  output  high,  data  from  an  addressed  memory 
location,  or  I/O  port,  must  be  placed  on  the  Data  Bus;  DBIN 
may  be  used  as  a  data  input  strobe. 

WR  is  output  low  when  data  on  the  Data  Bus  is  stable;  WR 
may  be  used  as  a  write  strobe. 

The  two  interrupt  control  lines  are  INT  and  INTE.  An  external 
device  requests  an  interrupt  by  inputting  INT  high.  The  CPU  uses 
INTE  to  indicate  whether  interrupts  are  enabled  or  disabled. 


8080A 
DATA  BUS 
DEFINITION 
SIGNALS 


8080A 
INTERRUPT 
CONTROL 
SIGNALS 


8080A  TIMING  AND  INSTRUCTION 
EXECUTION 


An  8080A  instruction's  execution  is  timed  by  a  complex  sequence  of  MACHINE 
CYCLES  each  of  which  is  subdivided  into  CLOCK  PERIODS. 

An  instruction's  execution  may  require  from  1  to  5  machine  cy- 
cles. Machine  cycles  are  labeled  MC1,  MC2,  MC3,  MC4  and  MC5. 


A  machine  cycle  is  made  up  of  3,  4,  or  5  clock  periods;  the  first 
machine  cycle  of  an  instruction  must  have  4  or  5  clock  periods^ 
Clock  periods  are  labeled  T-),  T2-  T3,  T4,  T5; 


8080A 

MACHINE 

CYCLES 


8Q80A 
CLOCK 
PERIODS 


MCI 


MC2 


MC3 


^iTaMTshlT^T^^ 


MC4 


MC5 


Where  MC  is  shaded,  the  entire  machine  cycle  is  optional.  Where  T  is  shaded,  the  clock 
period  is  optional  within  its  machine  cycle 
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PIN  NAME 
*A0-A15 
•D0-D7 
SYNC 
*DBiN 
♦READY 
•WAIT 
*WR 
*HOLD 
*HLDA 
*INT 
*INTE 
♦RESET 
4>1,  d>2 

vSS<vDD<vCOvBB 
*These  signals  connect  to  the  System  Bus. 


DESCRIPTION 
Address  Lines 
Data  Bus  Lines 
Machine  Cycle  Synchronizer 
Data  Input  Strobe 
Data  Input  Stable 
CPU  In  Wait  State 
Data  Output  Strobe 
Enter  Hold  State 
Hold  Acknowledge 
Interrupt  Request 
Interrupt  Enable 
Reset  CPU 
Clock  Signals 
Power  and  Ground 


TYPE 
Output,  Tristate 
Bidirectional,  Tristate 
Output 
Output 
Input 
Output 
Output 
Input 
Output 
Input 
Output 
input 
Input 


Figure  4-2.  8080A  CPU  Signals  And  Pin  Assignments 
CLOCK  SIGNALS 

Two  clocks,  <J>1  and  3>2,  provide  the  CPU  with  its  timing. 

Figure  4-3  illustrates  the  way  in  which  clock  signals  01  and  $2  are  used  to  gener- 
ate a  machine  cycle  consisting  of  five  clock  periods,  A  SYNC  pulse  identifies  the 
first  clock  period  of  every  machine  cycle. 


in. 


JTL 


J\ 


n. 


bP#£ 


t 


SYNC  pulse  identifies  clod 


JTl 


^ 


f\ 


period  T-i 


n 


.TLJ 


Figure  4-3.  A  Machine  Cycle  Consisting  Of  Five  Clock  Periods 
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A  9  segment  clock  is  specified  for  the  8080A  where  the  $1  and  4>2  signals  are 
generated  out  of  9  segments  as  follows; 


1    1 

1 

1 

2      I       3 

4 

5 

6 

7       1       8 
1 

I 

! 

< 

9       | 
I 
1 

<I>1     t 

\ 

r 

I 

1                1 

i 

*2      l 
l 

/ 

\ 

! 

1 

l 
I 

1 
1 

I 
1 

The  following  alternative  segmentations  will  also  work: 


J 


J 


J 


1        I       2 
I 
I 


5       I 


I 

Irrespective  of  the  segmentation  used,  note  that  the  total  clock  per 
the  same.  For  example,  suppose  you  have  a  500  nanosecond  c 
ments.  must  be  timed. as  follows: 


t 


od  time  must  remain 
ock:  individual  seg- 


Number  of  Segments         9 
Duration  of  one  segment     55  55 
(nanoseconds) 


62.5 


7 
■  71.43 


6 
83.33 


5 
100.00 


4 
125.00 
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In  summary,  therefore,  a  clock  period  will  normally  have  9  segments,  but  may  have  4,  5, 
6,  7  or  8  segments. 

Note  that  the  only  time  you  ever  need  to  know  about  clock  segmentation  is  when 
you  are  creating  your  own  clock  signals.  If  you  use  the  8224  Clock  Signal  Generator 
(described  later  in  this  chapter)  you  can  ignore  clock  signal  segmentation. 

Clock  periods  T-j,  T2  and  T3  of  each  machine  cycle  are  used  {with  one  exception) 
for  memory  reference  operations.  During  periods  T4  and  T5  functions  internal  to 
the  CPU  are  executed.  These  two  clock  periods  can  be  used  by  external  logic  for  a 
limited  number  of  approved  operations  that  do  not  involve  the  CPU: 


EMEU 


Operations  internal  to  CPU 
Memory  reference  operations 


The  first  three  clock  periods  of  the  first  machine  cycle  are  always  used  to  fetch  an 
instruction  from  memory,  and  load  it  into  the  Instruction  register.  The  first  machine 
cycle  always  has  at  least  four  clock  periods,  with  the  Program  Counter  being  incre- 
mented during  T4: 


Increment  Program  Counter 


Operations  interna!  to  CPU 
instruction  Fetch 


8080A 

INSTRUCTION 

STATUS 


The  CPU  identifies  the  operations  that  will  occur  during  every 
machine  cycle  by  outputting  status  information  on  the  Data 
Bus  during  clock  period  T2.  External  logic  uses  SYNC  and  the  <f>1 
pulse  at  the  start  of  T2  to  read  status  off  the  Data  Bus  Timing  is  il- 
lustrated in  Figure  4-4. 

If  you  are  using  an  8228  System  Controller,  it  will  decode  status  output  on  the 
Data  Bus  d"r'ng  T*2-  By  combining  this  status  information  with  the  three  control  sig- 
nals: WR,  DBIN  and  HLDA,  the  8228  System  Controller  is  able  to  generate  a  set  of  bus 
control  signals  which  will  interface  industry  standard  memory  devices  and  external 

logic. 

If  you  are  not  using  an  8228  System  Controller,  then  you  must  provide  external 
logic  that  decodes  the  Data  Bus  during  $1  of  T2.  Your  external  logic  must  gener- 
ate control  signals  which  will  be  active  during  subsequent  clock  periods,  at  which 
time  the  Data  Bus  no  longer  holds  status  information. 
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'  Strobe  to  read  status  off  Data  Bus  I 

when  <t>1  and  SYNC  are  both  high 

Figure  4-4.  Status  Output  During  T2  Of  Every 
Machine  Cycie 

Table  4-2  defines  the  statuses  which  may  be  output  during  clock  period  T2.  Table  4-3 
defines  the  way  in  which  statuses  should  be  interpreted  to  identify  the  various  possible 
types  of  machine  cycles. 

Table  4-2,  Statuses  Output  Via  The  Data  Lines  During  The  Second 
Clock  Cycle  Of  An  8080A  Machine  Cycle 


SYMBOLS 

DATA  BUS 
BIT 

DEFINITION 

HLTA 

D3 

Acknowledge  signal  for  Halt  instruction 

I  NT  A* 

DO 

Acknowledge  signal  for  INTERRUPT  request  Signal 
should  be  used  to  gate  a  Restart  instruction  onto 
the  Data  Bus  when  DBIN  is  active. 

INP* 

D6 

Indicates  that  the  Address  Bus  contains  the  address 
of  an  input  device  and  the  input  device  should  be 
placed  on  the  Data  Bus  when  DBIN  is  active. 

OUT 

D4 

Indicates  that  the  Address  Bus  contains  the  address 
of  an  output  device  and  the  Data  Bus  will  contain 
the  output  data  when  WR  is  active. 

MEMFT 

D7 

Designates  that  the  Data  Bus  will  be  used  for 
memory  read  data. 

M1 

D5 

Provides  a  signal  to  indicate  that  the  CPU  is  in  the 
fetch  cycle  for  the  first  byte  of  an  instruction. 

STACK 

D2 

Indicates  that  the  Address  Bus  holds  the  pushdown 
stack  address  from  the  Stack  Pointer, 

WO 

D1 

Indicates  that  the  operation  in  the  current  machine 
cycle  will  be  a  WRITE  memory  or  OUTPUT  function 
(WO  =  0),  Otherwise  a  READ  memory,  INPUT 
operation,  or  interrupt  or  Halt  acknowledge  will 
be  executed. 

"These  three  status  bits  can  be  used  to  control  the  flow  of  data  onto  the  8080A  Data 
Bus. 
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Table  4-3.  Statuses  Output  On  The  Data  Bus  For 
Various  Types  Of  Machine  Cycle 
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(0)       Identifies  status  outputs  of  the  NEC  8080A  which  differ  from  those  of  the  Intel  8080A. 
*        This  status  is  output  as  0  by  the  NEC  8080A  during  a  Call  instruction  being  executed  within 
the  interrupt  acknowledge  process. 

INSTRUCTION  FETCH  SEQUENCE 

Instruction  fetch  timing  is  illustrated  in  Figure  4-5;  events  occur  as  follows: 

Period  T-j         The  leading  edge  of  <i>2  triggers  the  SYNC  high  pulse,  identifying  period 

WAIT  is  low,  since  the  CPU  is  not  in  the  Wait  state. 

WR  remains  high  since  this  is  an  instruction  fetch  cycle;  data  is  not  being 

written  to  memory. 

The  leading  edge  of  $2  is  used  to  set  selected  Data  Bus  lines  high,  pro- 
viding external  logic  with  status  information  as  follows: 
RI/WO  (D1)  The  CPU  is  expecting  data  input 

M1  (D5)  This  is  an  instruction  fetch  period. 

MEMR  (D7)  Data  input  is  expected  from  memory. 

The  leading  edge  of  <I>2  is  used  to  set  the  required  memory  address  on 
the  address  lines  A0  to  A15. 

Period  T2        External  logic  uses  the  <t>1  pulse  of  time  period  T2  to  read  status  off  the 
Data  Bus.  The  read  status  strobe  may  be  created  as  follows: 


SYNC- 


O 


-READ  STATUS  STROBE 


Remember,  if  you  are  using  an  8228  System  Controller,  it  reads  and 
decodes  status  fdryou. 
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Immediately  after  status  has  been  output  on  the  Data  Bus,  the  Data  Bus  is 
free  to  receive  the  instruction  object  code.  The  address  for  the  instruction 
object  code  will  be  on  the  Address  Bus;  this  address  appears  on  the  Ad- 
dress Bus  during  T-|,  beginning  with  the  rising  edge  of  4>2„  The  fact  that 
status  has  been  output  and  the  Data  Bus  is  free  to  receive  the  instruction 
object  code  is  indicated  by  DBIN  being  pulsed  high.  The  DBIN  high  pulse 
begins  with  the  rising  edge  of  <t>2  in  T2  and  lasts  exactly  one  clock 
period. 

Period  T3  While  DBIN  is  high,  external  logic  must  place  the  addressed  instruction 
code  on  the  Data  Bus.  The  CPU  will  store  this  data  in  the  Instruction 
register —whence  the  Control  Unit  interprets  it  as  an  instruction  code. 
The  Data  Bus  is  floated  at  4>2  during  T3„  This  means  that  the  Data  Bus 
has  been  disconnected  from  the  CPU  and  can  be  used  in  any  way  by  logic 
external  to  the  CPU. 

Period  T4        The  Address  Bus  is  floated  at  <f>2  during  T4. 

The  8080A  uses  1 ,  2  and  3  hyte  instructions.  Each  byte  of  a  multibyte  instruction 
requires  its  own  instruction  fetch.  Exact  timing  for  multibyte  instructions  is  given 
later  in  this  chapter,  after  the  8080A  instruction  set  has  been  described. 

A  MEMORY  READ  OR  WRITE  OPERATION 

So  far  as  external  logic  is  concerned,  there  is  no  difference  between  "read  from  memo- 
ry" timing  and  instruction  fetch  timing  — except  that  the  M1  status  (D5  on  the  Data 
Bus)  is  high  during  an  instruction  fetch  only.  Figure  4-5  therefore  applies  to  a  memory 
read  operation  also. 

Since  a  memory  read  operation  is  executed  during  time  periods  T<|,  T2  and  T3  of  a 
machine  cycle,  the  presence  of  a  memory  read  operation  in  an  instruction's  execu- 
tion sequence  will  add  one  machine  cycle  to  instruction  execution  time. 

Figure  4-6  shows  timing  and  signal  sequences  for  a  memory  write  operation.  The 
signal  sequences  are  identical  to  the  instruction  fetch  sequence  with  the  excep- 
tion that  DBIN  remains  low  during  T2  and  T3,  and  different  status  signals  are  out- 
put on  the  Data  Bus  during  T<|. 

SEPARATE  STACK  MEMORY  MODULES 

One  8080A  CPU  can  access  two  memory  modules  with  overlapping  memory  ad- 
dresses: a  stack  memory  module  and  a  nonstack  memory  module.  Overlapping 
memory  addresses  can  be  used  by  the  two  memory  modules,  since  Stack  status  (D2 
high  at  01  in  T2)  can  be  used  to  select  the  stack  memory,  while  lack  of  Stack  status  (D2 
low  at  $1  in  T2)  can  be  used  to  select  nonstack  memory.  External  logic  must  decode 
the  address  as  referencing  stack  or  nonstack  memory. 

Note  that  the  8228  System  Controller  does  not  generate  a  STACK  control  signal 
Nevertheless,  if  you  wish,  you  may  implement  separate  stack  and  nonstack  memory, 
with  overlapping  addresses;  this  requires  your  own  status  decode  logic  to  isolate  the 
Stack  status.  Such  logic  is  quite  simple,  and  may  be  illustrated  as  follows: 


D2  • 
SYNC  ■ 


rT> 


■  Stack  memory  select 


■  Nonstack  memory  select 


The  only  disadvantage  associated  with  having  a  separate  stack  memory  is  that  non- 
stack  instructions  cannot  reference  the  stack  memory. 
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1               T,                                T? 

T3                               T4                               T5 

n      y^      i 

n      n      n 

8080A 
SLOW 
MEMORIES 


•The  NEC  8080A  maintains  the  address  on  the  Address  Bus  during  T4  and  Tc 

Figure  4-5.  8080A  Instruction  Fetch  Sequence 

THE  WAIT  STATE 

A  Wait  state  may  occur  between  clock  periods  T2  and  T3.  The 
Wait  state  frees  external  logic  or  memory  from  having  to  oper- 
ate at  CPU  speed.  Wait  state  timing  is  illustrated  in  Figure  4-7 
and  Figure  4-8, 

If  READY  is  low  during  <t>2  of  1^  th©  8080A  CPU  will  enter  the  Wait  state  following  T2. 
The  Wait  state  consists  of  any  number  of  clock  periods  during  which  the  CPU  performs 
no  operations  and  maintains  the  levels  of  all  output  signals  The  Wait  state  ends  when 
READY  is  input  high.  The  CPU  samples  READY  during  every  $2  pulse  within  the  Wait 
state;  the  Wait  state  will  therefore  end  with  the  01  pulse  which  follows  a  <E>2  pulse  dur- 
ing which  READY  is  sensed  high. 

Memory  interface  logic  in  any  8080A  microcomputer  system  must  be  designed  to 
anticipate  that  every  memory  access  either  will,  or  will  not  require  a  Wait  state. 

If  memory  is  as  fast  as  the  8080A  CPU,  then  READY  will  normally  be  held  high,  in  anti- 
cipation of  no  Wait  state.  In  Figures  4-7  and  4-8  a  broken  line  is  used  to  represent  this 
"READY  normally  high"  case.  Memory  interface  logic  will  pull  READY  low  in  order  to  in- 
sert one  or  more  Wait  machine  cycles  only  in  special  circumstances;  memory  interface 
logic  has  until  0>2  of  T2  to  pull  READY  low 
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i  7 

External  Logic 
Read  Status 

Di  -  Signals 

Figure  4-6.  8080A  Memory  Write  Timing 

If  memory  is  slower  than  the  8080A  CPU,  then  READY  wilt  normally  be  held  low  in  anti- 
cipation of  one  or  more  Wait  machine  cycles  occurring  between  T2  and  T3  In  the 
special  circumstance  where  no  Wait  state  is  needed,  memory  interface  logic  has  until 
02  of  T2  to  set  READY  high, 

Note  that  WR,  if  active,  will  be  held  low  for  the  entire  duration  of  a  Wait  state.  This  is 
because  if  WR  is  to  be  set  low,  the  transition  occurs  at  <t>1  of  T2  and  lasts  until  $1  of 
T4  —  a  period  which  completely  encompasses  the  Wait  state. 
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Relatively  simple  logic  can  be  used  to  add  a  Wait  state  to  a 
machine  cycle.  Consider  the  following  scheme: 


8080A  WAIT 
STATE  REQUEST 
LOGIC 


lyWV)— 


Our  goal,  using  the  logic  above,  is  to  create  a  low  READY  pulse,  which  is  one  clock 
period  wide,  whenever  MEMR  makes  a  high-to~low  transition. 


Consider  the  sequence  of  signal  transitions  in  the  logic  we  have  illustrated  above  At 
each  01  clock  pulse,  transitions  will  occur  as  follows: 


It  requires  Q1  and  Q2  to  be  high  simultaneously  for  READY  to  be  low;  and  that  condi- 
tion exists  for  a  single  clock  pulse. 

Observe  that  you  can  use  READY  to  trigger  a  one-shot  in  order  to  create  a  low 
READY  input  of  any  duration. 
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Figure  4-7.  The  8080A  CPU  Operating  With  Fast  Memory 
And  No  Wait  State 


Represents  alternate  signal  form  for  READY  as  described 


I  I 

text  accompanying  this  figure. 


READY  is  false  at  <t>2  in  T2,  so  next  <t>1  pulse  initiates  a  Wait  state,  with  WAIT  set  high  by  the  leading 
edge  of  the  <I>1  pulse.  When  READY  is  high  at  a  <J>2  pulse,  clock  period  T3  will  be  initiated  by  the  next 
<I>1  pulse  and  WAIT  will  be  reset  low. 

Figure  4-8    The  8080A  CPU  Operating  With  Slow  Memory  And 
A  Normal  Wait  State 

THE  WAIT,  HOLD  AND  HALT  STATES 

We  have  discussed  the  Wait  state  within  an  8080A  microcomputer  system,  now 
we  have  to  look  at  two  further  states  during  which  instructions  are  not  ex- 
ecuted: the  Hold  and  the  Halt  states. 

The  fact  that  there  are  three  states  within  which  instructions  are  not  being  executed  is 
frequently  a  source  of  confusion  to  8080A  users.  Let  us,  therefore,  clearly  identify  the 
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differences  between  these  three  states  before  continuing  a  discussion  of  the  Hold  and 
Halt  states. 

As  we  have  already  seen,  the  Wait  state  consists  of  one  or  more  clock  periods  which  are 
inserted  within  a  machine  cycle/giving  external  logic  time  to  respond  to  a  memory  ac- 
cess. Thus,  the  Wait  state  consists  of  an  indeterminate  number  of  clock  periods  which 
occur  within  a  machine  cycle  and  extend  the  duration  of  that  machine  cycle. 

The  purpose  of  the  Hold  state  is  to  float  the  System  busses  so  that  external  logic  can 
perform  direct  memory  access  operations.  Conceptually,  therefore,  a  Hold  condition 
consists  of  any  number  of  clock  periods,  occurring  in  between  two  machine  cycles 
which  define  the  termination  of  one  instruction's  execution  and  the  initiation  of  the 
next  instruction's  execution: 

i  I 

♦•  -J\ru\ . /u\Aj\y\_ 


Last  machine  cycle 

of  an  instruction's 

execution 


I  First  machine  cycle 
of  next  instruction's 
execution 


The  Hold  state  may  be  looked  upon  as  a  period  of  time  during  which  the  CPU  goes  into 
a  state  of  suspended  animation. 

The  Halt  state  results  from  the  execution  of  a  Halt  instruction.  The  System  Bus  is  not 
floated  during  a  Halt  state.  During  the  Halt  state,  the  CPU  simply  marks  time.  The  pur- 
pose of  a  Halt  state  is  to  define  those  time  intervals  when  there  is  nothing  for  the  CPU  to 
do;  now  when  the  CPU  has  nothing  to  do,  it  is  only  logical  to  assume  that  the  CPU  can- 
not know  how  long  it  will  be  before  it  has  something  useful  to  do.  Typically  a  Halt  con- 
dition will  end  when  some  external  logic  demands  the  service  of  the  CPU  One  method 
that  external  logic  uses  to  demand  CPU  service  is  the  interrupt  request.  The  8080A 
therefore  requires  an  interrupt  request  to  terminate  the  Halt  state 

Let  us  now  look  at  the  Hold  and  Halt  states  in  more  detail. 

THE  HOLD  STATE 

The  Hold  state  allows  external  logic  to  stop  the  CPU. 

The  Hold  state  is  similar  to  the  Wait  state.  During  both  states,  signals  output  by 
the  CPU  are  held  constant;  but  the  Data  and  Address  Busses  are  floated  in  the 
Hold  state  only,  not  in  the  Wait  state. 

The  Hold  and  Wait  states  are  also  initiated  in  different  ways  and  they  serve 
different  functions. 

The  Wait  state  is  initiated  if  external  operations  will  not  be  completed  during  T3.  The 
purpose  of  the  Wait  state  is  to  allow  the  CPU  to  operate  with  slow  memories  or  external 
logic,  therefore  a  Wait  always  occurs  between  clock  periods  T2  and  T3. 

A  Hold  state  is  initiated  by  the  hold  request  input  signal  HOLD.  The  CPU  acknowledges 
the  onset  of  the  Hold  state  by  outputting  HLDA  high.  If  a  HOLD  is  requested  during  a 
read  or  input  operation  (RI/WO  (D1)  high  in  T2),  then  HLDA  is  set  high  by  the  leading 
edge  of  $1  in  T3.  If  a  HOLD  is  requested  during  a  write  or  output  operation,  then  HLDA 
is  set  high  by  the  leading  edge  of  01  in  the  cycle  following  T3 

Note  that  even  though  HOLD  is  acknowledged  and  the  Hold  state  is  initiated  in  T3  dur- 
ing a  read  memory  or  input  data  machine  cycle,  logic  must  still  hold  data  steady  on  the 
Data  Bus  until  the  leading  edge  of  02  in  T3.  This  is  because  operations  internal  to  the 
CPU  will  be  executed  normally  during  a  HOLD  Operations  internal  to  the  CPU  will  only 


4-18 


cease  if  the  Hold  state  lasts  for  more  cycles  than  would  normally  be  present  before  the 
onset  of  the  next  T-j  cycle. 

HOLD  low  will  cause  the  end  of  the  Hold  state.  HOLD  low  must  coincide  with  the  lead- 
ing edge  of  <i>1  or  $2,  and  will  terminate  the  Hold  state  at  the  <f>1  pulse  of  the  next 
machine  cycle's  T"i  clock  period.  The  8080A  CPU  will  signal  the  end  of  the  Hold  state 
with  HLDA  false. 

During  the  Hold  state,  the  Data  Bus  and  the  Address  Bus  are  floated.  Floating  begins  at 
<J>2  in  T3  for  a  read  operation  and  at  <I>2  in  the  clock  period  following  T3  otherwise. 

Figures  4-9  and  4-10  illustrate  some  variations  on  the  Hold  state. 

The  NEC  8080A  and  the  Intel  8080A  differ  when  a  Hold  is  re- 
quested during  a  DAD  instruction's  execution.  The  NEC  8080A 
initiates  the  Hold  as  though  a  read  operation  was  occurring,  while 
the  Intel  8080A  initiates  the  Hold  operation  as  though  a  write 
operation  was  occurring. 
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Figure  4-9A.  Floating  Of  Data  And  Address  Busses  At  #2  In  T3,  For  READ  Operation 
Being  Completed  Prior  To  Onset  Of  Hold  State 


Figure  4-9B.  Floating  Of  Data  And  Address  Busses  At  <f>2  In  T4, 
For  A  WRITE,  Or  Any  Non-READ  Operation  (R|/WO=False} 
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Figure  4,-1  OA.   Floating  Of  Data  and  Address  Busses  For  READ  Operation 
In  A  Three  Clock  Period  Machine  Cycle 


Figure  4-1  OB.   Floating  Of  Data  And  Address  Busses  At  02  in  T-|.  For  WRITE  Or  Any 
Non-READ  Operation  Being  Completed  Prior  To  Onset  Of  Hold  State 

THE  HALT  STATE  AND  INSTRUCTION 

The  Halt  state  is  similar  to  the  Wait  state,  except  that  it  is  initiated  by  a  Halt  in- 
struction. 

The  Halt  state  is  not  initiated  by  READY  low,  although  READY  low  is  a  necessary  re- 
quirement for  the  onset  of  the  Halt  state.  This  means  that  READY  high  cannot  be  used 
to  terminate  a  Halt  state  Instead,  an  interrupt  request  (INT  high)  must  be  used  to 
terminate  the  Halt  state. 

Note  that  if  interrupts  have  been  inhibited,  the  interrupt  request  (INT  high)  will 
never  be  acknowledged,  and  the  only  way  to  get  out  of  a  Halt  state  is  to  power 
down,  then  power  up  the  CPU. 

An  anomaly  of  the  Halt  state  is  that  the  Data  and  Address  Busses  may  be  floated  by  en- 
tering the  Hold  state  after  entering  the  Halt  state;  that  is,  you  can  move  into,  and  out  of 
the  Hold  state  while  in  the  Halt  state. 

If  the  Hold  state  is  entered  after  the  Halt  state,  then  the  Hold  state  must  be  exited  by 
setting  HOLD  low  before  exiting  the  Halt  state 

During  a  HALT,  a  hold  request  signaled  by  HOLD  will  not  be  acknowledged  if  an  inter- 
rupt has  been  requested  (INT  high)  but  not  acknowledged  (INTE  high),  i.e.,  the  CPU  will 
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not  enter  the  Hold  state  in  the  time  between  an  interrupt  being  requested  and 
acknowledged.  Once  the  interrupt  has  been  acknowledged  (INTE  low),  the  CPU  may 
enter  the  Hold  state. 

Figure  4-30  illustrates  signal  sequences  and  timing  for  the  Halt  instruction  (and  state) 

THE  RESET  OPERATION 

A  RESET  high  signal  input  to  the  8080A  CPU  will  clear  the  Program  Counter  and 
disable  interrupts. 

To  properly  perform  the  reset  operation,  RESET  should  be  held  high  for  at  least 
three  clock  periods.  During  these  three  clock  periods,  reset  operations  are  executed  in 
the  following  sequence: 

1)  The  Program  Counter  is  cleared.. 

2)  All  interrupt  requests  are  disabled. 

3)  Internal  interrupt  acknowledge  logic  (associated  with  signal  INTE)  is  cleared 

4)  Internal  hold  acknowledge  logic  (associated  with  signal  HLDA)  is  cleared- 

For  as  long  as  RESET  is  high,  all  8080A  CPU  operations  will  be  suspended. 

When  RESET  is  reset  low,  instruction  execution  will  resume  with  a  T-j  clock  period  at 
the  next  <£1  pulse.  Since  the  Program  Counter  contains  0000,  the  first  instruction  ex- 
ecuted following  RESET  will  be  the  instruction  stored  in  memory  location  OOOO-jq, 

Interrupts  remain  disabled  when  program  execution  resumes. 

When  you  power  up  any  8080A  system  you  must  simultaneously  reset  it.  Power- 
ing up  does  not  reset  or  change  anything  within  the  8080A.  If  you  power  up  without 
resetting,  then  registers,  including  the  Program  Counter,  will  contain  undefined  data; 
thus  program  execution  will  immediately  and  erroneously  begin  at  some  random  loca- 
tion of  memory. 

Here  are  two  possible  reset  on  power  up  logic  implementations: 

First  a  simple  logic  sequence: 


• VW- 


r 
i  i 


■  RESIN 
8224 
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Next  a  more  complex,  and  more  reliable  one: 
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Figure  4-11.   Interrupt  Initiation  Sequence 
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EXTERNAL  INTERRUPTS 

External  logic  may  request  an  interrupt  at  any  time  by  setting  the  INT  input  high. 
An  interrupt  request  will  only  be  acknowledged  if  interrupts  have  been  enabled. 

Normally  the  El  (Enable  Interrupts)  and  Dl  (Disable  Interrupts)  instructions  are  executed 
to  enable  and  disable  interrupts;  however,  interrupts  are  automatically  disabled  by  the 
CPU  during  the  RESET  condition,  and  following  an  interrupt  acknowledge. 

The  8080A  CPU  outputs  INTE  high  when  interrupts  have  been  enabled,  and  low  when 
interrupts  are  disabled,  if  interrupts  are  enabled,  then  the  8080A  CPU  will  acknowledge 
an  interrupt  request  during  the  next  T-|  clock  period,  on  the  rising  edge  oHE>2,  At  this 
time  INTE  is  set  low  to  reflect  the  fact  that  an  interrupt  acknowledge  automatically  disa- 
bles interrupts.  Timing  is  illustrated  in  Figure  4-11. 

The  8080A  CPU  informs  external  logic  that  an  interrupt  has  been  acknowledged 
by  outputting  this  status  on  the  Data  Bus: 

DO  -  INTA 
D1  -RI/WO 
D5-M1 

INTA  is  the  principal  interrupt  acknowledge  status;  it  is  converted  into  a  separate 
interrupt  acknowledge  control  signal  by  the  8228  System  Controller. 

Once  an  interrupt  has  been  acknowledged,  the  8080A  CPU  enters  an  instruction 
fetch  sequence  —  but  with  two  differences: 

1)  Program  Counter  increment  logic  is  suppressed. 

2)  Different  statuses  are  output  on  the  Data  Bus  during  T2-  The  statuses  output  on  the 
Data  Bus  during  various  machine  cycles  are  summarized  in  Table  4-3. 

The  different  statuses  output  during  Tz  of  a  normal,  or  a  post-interrupt 
acknowledge  instruction  fetch  are  very  important. 

During  a  normal  instruction  fetch  sequence,  MEMR  is  output  true  on  D7. 

During  the  instruction  fetch  sequence  which  follows  an  interrupt  acknowledge,  MEMR 
is  not  output  true  on  D7,  but  INTA  is  output  true  on  DO. 

Thus,  external  logic  can  differentiate  between  a  normal  instruction  fetch  and  the  in- 
struction fetch  sequence  which  follows  an  interrupt  acknowledge. 

It  is  very  important  that  external  logic  be  able  to  differentiate  between  a  normal  instruc- 
tion fetch  and  an  interrupt  acknowledge  instruction  fetch.  When  the  interrupt  is 
acknowledged,  the  Program  Counter  is  addressing  an  instruction  which  will  not  get  ex- 
ecuted until  the  interrupt  service  routine  has  completed  execution: 

-  When  Instruction  (Q  completes  execution,  PC 
is  addressing  Instruction  ®  object  code  byte  ■ 


^  But  Instruction  (c)  is  to  be  executed 
directly  following  instruction  (A) 
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Therefore  the  first  instruction  executed  following  the  interrupt  acknowledge 
must  save  the  Program  Counter  contents.  The  last  instruction  executed  within  the 
interrupt  service  routine  restores  the  Program  Counter  contents. During  the  in- 
struction fetch  which  follows  an  interrupt  acknowledge,  the  Program  Counter  in- 
crement logic  is  suppressed,  because  the  8080A  CPU  expects  the  object  code  for 
the  first  interrupt  service  routine  instruction  to  be  supplied  by  the  interrupting 
device  instead  of  memory: 


PROGRAM 
MEMORY 


Interrupting  logic  provides  first  object  code  byte 
following  interrupt  acknowledge 


n-1 

n 

n+  1 

n  +  2 

n  +  3 

n  +  4 

n+5 

n  +  6 

n  +  7 

Interrupt  acknowledged 
PC  now  addresses  n  +  3 


The  object  code  provided  by  external  logic  during  the  instruction  fetch  which 
follows  the  interrupt  acknowledge  must  be  the  object  code  for  an  instruction 
which  will  save  the  Program  Counter  contents  for  subsequent  retrieval.  There  is 
only  one  instruction  which  will  do  this  and  that  is  a  subroutine  CALL  instruction. 

Recall  from  Volume  I  that  the  subroutine  CALL  instruction  wili  save  the  current  Pro- 
gram Counter  contents  on  the  Stack,  then  will  load  a  new  starting  address  into  the  Pro- 
gram Counter.  Thus,  a  subroutine  CALL  instruction  satisfies  the  logical  requirements 
for  interrupt  service  routine  initiation. 

The  normal  way  of  terminating  a  subroutine  is  via  a  Return  instruction.  This  in- 
struction loads  the  Program  Counter  from  the  top  of  the  Stack,  The  Return  instruction 
will,  therefore,  satisfy  the  logical  requirements ior  interrupt  service  routine  termination. 

There  are  two  types  of  8080A  subroutine  CALL  instruction:  the  RESTART  (RST}  and  the 
CALL.  The  RST  instruction  is  a  one-byte  subroutine  CALL  with  the  following  ob- 
ject«code: 

RST  N  instruction  code: 


1  1  1  XXX 1  1 

000 

N  =0 

00  1 

N  =  1 

010 

N  =2 

0  1  1 

N  =3 

100 

N  =4 

101 

N  -5 

1  10 

N  =6 

1 1 1 

N  =7 

New  Program 

Counter  contents:  0000G00000X  X~X 0  0  0 
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Therefore  RST  N  instructions  are  equivalent  to  subroutine  CALL  instructions,  with  pro- 
gram execution  branching  as  follows: 


Subroutine 
RST  0  branch  to  0000. 
RST  1  branch  to  0008 
RST  2  branch  to  0010 
RST  3  branch  to  0018 
RST  4  branch  to  0020. 
RST  5  branch  to  0028. 
RST  6  branch  to  0030 
RST  7  branch  to  0038 


The  CALL  instruction  is  a  typical  three-byte,  direct  memory  addressing  subroutine 
call: 


PC    P 


nnnn  +  3  to  Stack 

f 

PROGRAM 
MEMORY 

nnnn-1 
nnnn 
nnnn  +  1 
nnnn  +  2 
nnnn  +  3 
nnnn  +4 

,,.  ...L,  ,. 

1      nnnn  +  3     1 

CD 

"<fl             Call  subroutine 

~C~— ^^ 

qq 

PP 

)  Subroutine  execution  address 
J   is  ppqq 

^\      ppqq  to  PC      jr 

vl     ^y 

The  address  of  the  instruction  following  the  subroutine  call  (nnnn+3)  is  saved  on  the 
Stack,  to  be  retrieved  subsequently  by  a  Return  instruction.  The  second  and  third  CALL 
instruction  object  code  bytes  provide  the  address  of  the  subroutine's  first  instruction; 
this  address  (ppqq)  therefore  is  loaded  into  the  Program  Counter. 

What  is  not  clearly  understood  by  many  8080A  users  is  that  external  logic  can 
respond  to  an  interrupt  acknowledge  by  inserting  either  an  RST  or  a  subroutine 
CALL  instruction. 

Responding  to  an  interrupt  acknowledge  by  inserting  an  RST  instruction  is  very 
straightforward.  The  INTA  status  output  during  T2  can  be  used  to  select  external  logic 
as  the  source  of  an  object  code,  while  the  lack  of  an  MEMR  status  can  be  used  to  sup- 
press the  normal  instruction  fetch  which  would  occur  from  program  memory  Thus,  a 
simple  8-bit  I/O  buffer  will  generate  a  Restart  instruction  as  follows: 


Tie  to 
Tie  to 


+  5Vfor  1,  J" 
GND  for  0  V 


Any 
8~Bit 
Buffer 


DO  (INTA)  . 
SYNC  - 


O 


Output  Strobe 


>  Connect  to  Data  Bus 
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With  a  little  more  effort  external  logic  can  be  designed  to  provide  a  subroutine 
CALL  instruction's  object  code  following  the  interrupt  acknowledge.  Providing  the 
INTA  status  is  used  to  suppress  normal  program  memory  accesses  for  the  next  three 
machine  cycles,  logic  associated  with  the  external  interrupt  request  can  supply  the 
three  consecutive  object  code  bytes  of  a  normal  subroutine  CALL  instruction. 

In  a  configuration  that  includes  an  8228  System  Controller,  if  the  first  object  code  byte 
received  following  INTA  output  is  a  CALL  {CD-|  q).  then  the  8228  System  Controller  out- 
puts two  more  INTA  statuses  for  the  next  two  machine  cycles.  Now  external  logic  can 
use  INTA  as  a  signal  which  disables  normal  memory  accesses,  selecting  external  logic 
instead.  For  more  details,  see  the  8228  System  Controller  description  given  later  in  this 
chapter 

If  your  configuration  does  not  include  an  8228  System  Controller,  then  external  logic 
must  be  quite  complex  if  it  responds  to  an  interrupt  acknowledge  with  a  CALL  instruc- 
tion. These  are  the  operations  external  logic  must  perform: 

1)  In  response  to  INTA  true,  suppress  normal  memory  references  and  transmit  the 
code  CD-jQ  to  the  CPU.  This  code  must  be  transmitted  at  the  proper  time,  as  an  in- 
struction code  on  the  Data  Bus. 

2)  Suppress  normal  memory  accesses  for  the  next  two  clock  periods.  Remember, 
there  is  no  INTA  true  for  these  two  periods. 

3}  During  the  next  two  clock  periods,  transmit  the  low  order  half,  then  the  high  order 
half  of  the  interrupt  service  routine  starling  address.  These  two  address  bytes  must 
be  provided  out  of  external  logic,  and  their  timing  on  the  Data  Bus  must  conform 
exactly  to  the  second  and  third  bytes  of  a  CALL  instruction. 

If  your  configuration  includes  an  8259  Priority  Interrupt  Control  Unit,  then  this  device 
takes  care  of  all  logic  associated  with  responding  to  an  interrupt  acknowledge  with  a 
CALL;  the  8259  is  described  later  in  this  chapter. 

The  NEC  8080A  does  not  handle  the  INTA  signal  in  the 
same  way  as  the  Intel  8080A.  In  response  to  a  Call  instruc- 
tion executed  during  an  interrupt  acknowledge,  the  NEC 
8080A  outputs  INTA  true  for  three  machine  cycles;  in  an  Intel 
8080A  system  an  8228  System  Controller  must  be  present  for  this  to  occur.  The  NEC 
8080A  DO  status  output  also  differs  at  this  time;  see  Table  4-3  for  details. 

The  NEC  8080A  responds  to  Restart  instructions  following  an  interrupt  acknowledge  in 
the  same  way  as  the  Intel  8080A. 

EXTERNAL  INTERRUPTS  DURING  THE  HALT  STATE 

With  all  8080A  devices  except  the  NEC  8080Af  interrupt 

acknowledge  logic  during  a  Halt  state  is  as  illustrated  in 

Figure  4-11.  For  the  NEC  8080A,  however,  the  interrupt 

acknowledge  sequence  differs   slightly  during  the   Halt 

state  only.  INTE  is  reset  low  by  the  NEC  8080A  on  the  rising  edge  of  02  in  clock  period 

T2;  this  is  one  clock  period  later  than  illustrated  in  Figure  4-1 1 .  Note  that  this  difference 

in  NEC  8080A  response  applies  only  to  the  interrupt  acknowledge  process  occurring 

within  a  Halt  state. 

WAIT  AND  HOLD  CONDITIONS  FOLLOWING 
AN  INTERRUPT 

An  interrupt  cannot  be  acknowledged  during  a  WAIT  or  HOLD  condition,  However, 
either  of  these  conditions  may  occur  following  the  interrupt  acknowledge.  For  example, 
if  there  is  insufficient  time  between  3>1  in  T2  and  $2  in  T2  for  external  logic  to  fetch 
the  required  RST  or  CALL  instruction,  more  time  may  be  acquired  by  using  the  READY 
signal  to  generate  a.  Wait  state,  as  with  any  instruction's  execution. 
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NEC  8080A 
INTERRUPT 
DIFFERENCES 


THE  8080A  INSTRUCTION  SET 

Table  4-4  summarizes  the  8080A  instruction  set;  there  is  a  significant  departure 
in  instruction  set  philosophy  from  the  hypothetical  microcomputer  described  in 
Volume  I. 

The  8080A  is  most  efficiently  programmed  by  making  extensive  use  of  the  Stack  and  of 
subroutines.  By  providing  a  variety  of  Jump-to-Subroutine  on  Condition,  and  Return- 
from-Subroutine  on  Condition  instructions,  the  8080A  allows  the  execution  of 
subroutines  to  become  an  integral  part  of  programmed  logic  sequences. 

Observe  that  the  8080A  has  a  number  of  16-bit  instructions;  that  is,  instructions  that 
operate  on  the  1 6-bit  contents  of  the  BC,  DE  or  HI  registers.  These  include  1 6-bit  incre- 
ment and  decrement  16-bit  add,  and  16-bit  data  moves. 

The  16-bit  instruction  XTHL  is  particularly  useful,  since  by  allowing  the  top  two  Stack 
bytes  to  be  exchanged  with  the  HL  registers,  an  easy  method  is  provided  for  switching 
addresses. 

The  DAA  instruction  modifies  the  A  register  contents  to  generate  a  binary  coded 
decimal  equivalent  of  the  original  binary  value.  If  carries  out  of  bit  3  or  bit  7  result,  these 
are  reported  in  the  Auxiliary  Carry  and  Carry  statuses,  respectively.  See  Volume  I  for  a 
discussion  of  the  decimal  adjust  operation. 

There  are  a  few  differences  between  NEC  8080A  and  Intel 
8080A  instruction  execution. 


NEC  8080A 
INSTRUCTION 
SET 
DIFFERENCES 


For  binary  subtraction  and  BCD  arithmetic  the  NEC  8080A  per- 
forms operations  in  what  is  theoretically  the  "correct" 
fashion  — which  differs  from  the  actual  implementation  of  the 

Intel  8080A.  Specifically,  the  NEC  8080A  has  a  Subtract  status  (SUB)  which  is  set  after 
any  addition  is  performed-  Only  the  NEC  8080A  has  a  Subtract  status. 

The  NEC  8080A  correctly  sets  and  resets  the  Auxiliary  Carry  status  (AC)  during  subtract 
operations,  identifying  any  borrow  by  the  low  order  digit  as  follows: 


o 


Borrow  here  sets  AC 


7  6  5  4  3  2   10  -* Bit  No. 

xxxxxxxx 

-  YYYYYYYY 
=  ZZZZZZZZ 

X,  Y  and  Z  represent  any  binary  digits. 

Decimal  subtraction  for  the  Intel  8080A  and  NEC  8080A  may  be  illustrated  as  follows, 
assuming  the  contents  of  Register  C  are  to  be  subtracted  from  the  contents  of  Register 
B: 

INTEL  8080A  NEC  8080A 

MVl         A,99H  MOV       A,B 

SUB        C  SUB        C 

ADD        B  DAA 
DAA 

In  the  instruction  sequence  illustrated  above  for  the  Intel  8080A,  you  cannot  use  the 
Subtract  instruction  directly  since  it  works  for  binary  arithmetic  only.  You  must  create 
the  nine's  complement  of  the  subtrahend  by  subtracting  it  from  99.  Then  you  add  the 
minuend  to  the  nine's  complement  of  the  subtrahend.  Finally  you  decimal  adjust  the 
result 
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In  the  case  of  the  NEC  8080A  you  may  use  the  Subtract  instruction  for  either  binary  or 
BCD  data* 

For  a  complete  discussion  of  decimal  subtraction  using  the  Intel  8080A,  see  "8080 
PROGRAMMING  FOR  LOGIC  DESIGN".  Chapter  7. 

The  Carry  and  Auxiliary  Carry  statuses  are  also  treated  differently  by  the  NEC  and 
Intel  8080A.  When  Boolean  instructions  are  executed  by  the  Intel  8080A,  the  Ca- 
rry status  (C)  is  always  reset;  the  Auxiliary  Carry  status  (AC)  is  sometimes  reset. 
The  NEC  8080A  leaves  the  Carry  and  Auxiliary  Carry  statuses  alone  when  execut- 
ing Boolean  instructions. 

When  the  AMD  9080A  executes  Boolean  instructions  it  always  clears  both  the 
Carry  and  Auxiliary  Carry  statuses. 

THE  BENCHMARK  PROGRAM 

Our  benchmark  program  is  coded  for  the  8080A  as  follows: 

LOAD  ADDRESS  OF  FIRST  FREE  TABLE  BYTE  IN  HL 
LOAD  STARTING  ADDRESS  OF  IOBUF  IN  DE 
LOAD  I/O  BUFFER  LENGTH 
SAVE  IN  B 
LOOP         LDAX         D  ;LOAD  NEXT  I/O  BYTE 

INCREMENT  BUFFER  ADDRESS 
STORE  IN  TABLE 
INCREMENT  TABLE  ADDRESS 
DECREMENT  BYTE  COUNT 
RETURN  FOR  MORE  BYTES 

AT  END,  RESTORE  ADDRESS  OF  FIRST  FREE  TABLE 
BYTE 

The  8080A  makes  very  few  assumptions  regarding  the  benchmark  program. 

The  address  of  the  first  free  byte  in  the  data  table  is  assumed  to  be  stored  in  the  first 
two  bytes  of  the  data  table  —  addressed  by  the  label  TABLE.  The  immediate  addressing 
instruction  LHLD  loads  the  contents  of  the  first  two  bytes  of  the  data  table  into  the  H 
and  L  registers.  At  the  end  of  the  program,  the  incremented  table  address  is  restored 
with  the  direct  addressing  instruction  SHLD. 

Since  the  I/O  buffer  starting  address  does  not  change,  an  Immediate  instruction  is  used 
to  load  this  address  into  the  DE  registers. 

Since  the  number  of  occupied  bytes  in  the  I/O  buffer  may  change,  a  direct  addressing 
instruction,  LDA,  is  used  to  load  this  buffer  length  into  the  Accumulator,  It  is  then 
moved  to  the  B  register,  since  the  Accumulator  is  used  to  transfer  data  within  the  pro- 
gram loop. 

The  8080A  program  makes  no  assumptions  regarding  the  location  of  either  the  I/O 
buffer,  or  the  data  table,  but  it  does  assume  that  the  table  is  not  more  than  256  bytes 
long. 


LHLD 

TABLE 

LXI 

D.IOBUF 

LDA 

IOCNT 

MOV 

B,A 

LDAX 

D 

(NX 

D 

MOV 

M.A 

INX 

H 

DCR 

B 

JNZ 

LOOP 

SHLD 

TABLE 
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These  are  sometimes  treated  as  a  register  pair 
•  These  are  sometimes  treated  as  a  register  pair 
This  register  pair  provides  the  implied  memory  address 


These  are  the  abbreviations  used  in  TabSe  4-4: 

A  The  Accumulator 

B  The  B  register 

C  The  C  register 

D  The  D  register 

E  The  E  register 

H  The  H  register 

L  The  L  register 

C  Carry  status.  In  Table  4-4  C  refers  to  Carry  status,  not  to  the  C  register. 

Aq  Auxiliary  Carry  status 

Z  Zero  status 

S  Sign  status 

P  Parity  status 

SUB  Subtract  status  (present  in  the  NEC  8080A  only) 

I  The  Instruction  register 

12  Second  object  code  byte 

13  Third  object  code  byte 
PC  The  Program  Counter 
SP  The  Stack  Pointer 

PSW  The  Program  Status  Word,  which  has  bits  assigned  to  status  flags  as  follows: 


7   6     5    4     3    2    1     0-* 

IslzlxMxMxkl 

J 

ill     i      i\ 

Unassigned 

SUB  (NEC  8080A  only) 


DATA  8-bit  immediate  data 

DATA16  16-bit  immediate  data 

DEV  An  I/O  device 

REG  Register  A,  B,  C,  D,  E,  H  or  L 

s  Source  register 

d  Destination  register 

M  Memory,  address  implied  by  HL 

LABEL  A  16-bit  address,  specifying  an  instruction  label 

RP  A  register  pair:  B  for  BC,  D  for  DE,  H  for  HL,  SP  for  Stack  Pointer 

PORT  An  I/O  port,  identified  by  a  number  between  0  and  FF15 

ADDR  A  16-bit  address,  specifying  a  data  memory  byte 

[  ]  Contents  of  location  identified  within  brackets 

CM]  Memory  byte  addressed  by  location  identified  within  brackets 

[  ]  Complement  of  the  contents  of 

—  Move  data  in  direction  of  arrow 

« ►  Exchange  contents  of  locations  on  either  side  of  arrow 

+  Add 

—  Subtract 
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A 
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V 

OR 
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XOR 

The  letter  C  is  used  to  identify  Carry  status.  Although  C  also 
identifies  one  of  the  8080A  registers,  registers  are  always 
referenced  generically  in  Table  4-4 


8080A 
CARRY 
STATUS 
NOMENCLATURE 
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Table  4-5    A  Summary  Of  Instruction  Object  Codes 
And  Execution  Cycles 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

FIGURE 

ACI           DATA 

CE     YY 

2 

7 

4-15 

ADC          REG 

10001XXX 

1 

4 

4-12 

ADC          M 

8E 

1 

7 

4-15 

ADD         REG 

10000XXX 

1 

4 

4-12 

ADD         M 

86 

1 

7 

4-15 

AD!           DATA 

C6     YY 

2 

7 

4-15 

ANA         REG 

10100XXX 

1 

4 

4-12 

ANA         M 

A6 

1 

7 

4-15 

ANI           DATA 

E6     YY 

2 

7 

4-15 

CALL        LABEL 

CD     ppqq 

3 

17 

4-26 

CC             LABEL 

DC     ppqq 

3 

11/17 

4-26 

CM            LABEL 

FC     ppqq 

3 

11/17 

4-26 

CMA 

2F 

1 

4 

4-12 

CMC 

3F 

1 

4 

4-12 

CMP         REG 

10111XXX 

1 

4 

4-12 

CMP         M 

BE 

1 

7 

4-15 

CNC          LABEL 

D4     ppqq 

3 

11/17 

4-26 

CNZ          LABEL 

C4     ppqq 

3 

11/17 

4-26 

CP             LABEL 

F4     ppqq 

3 

11/17 

4-26 

CPE           LABEL 

EC     ppqq 

3 

11/17 

4-26 

CPI            DATA 

FE     YY 

2 

7 

4-15 

CPO          LABEL 

E4     ppqq 

3 

11/17 

4-26 

CZ             LABEL 

CC     ppqq 

3 

11/17 

4-26 

DAA 

27 

4 

4-12 

DAD         RP 

00XX1001 

10(11)* 

4-20 

DCR          REG 

00XXX101 

5 

4-13 

DCR          M 

35 

10 

4-14 

DCX          RP 

00XX1011 

5 

4-13 

Dl 

F3 

4 

4-12 

El 

FB 

4 

4-12 

HLT 

76 

7 

4-30 

IN              PORT 

DB     YY 

2 

10 

4-28 

INR            REG 

00XXX100 

5 

4-13 

INR            M 

34 

10 

4-14 

INX           RP 

00XX0011 

5 

4-13 

JC             LABEL 

DA     ppqq 

3 

10 

4-22 

JM            LABEL 

FA     ppqq 

3 

10 

4-22 

JMP          LABEL 

C3     ppqq 

3 

10 

4-22 

JNC          LABEL 

D2     ppqq 

3 

10 

4-22 

JNZ           LABEL 

C2     ppqq 

3 

10 

4-22 

JP             LABEL 

F2     ppqq 

3 

10 

4-22 

JPE           LABEL 

EA     ppqq 

3 

10 

4-22 

JPO           LABEL 

E2     ppqq 

3 

10 

4-22 

JZ             LABEL 

CA     ppqq 

3 

10 

4-22 

LDA          ADDR 

3A     ppqq 

3 

13 

4-24 

LDAX        RP 

000X1010 

1 

7 

4-15         I 

LHLD        ADDR 

2A     ppqq 

3 

16 

4,7 
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Table  4-5.  A  Summary  Of  Instruction  Object  Codes 
And  Execution  Cycles  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

FIGURE 

LXI 

RP.DATA16 

00XX0001 
YYYY 

3 

10 

4-22 

MOV 

REG,REG 

Otdddsss 

1 

5(4)* 

4-13 

MOV 

M.REG 

01110sss 

1 

7 

4-16 

MOV 

REG.M 

01ddd110 

1 

7 

4-15 

MVt 

REG,DATA 

0Oddd110 
YY 

2 

7 

4-15 

MVI 

M.DATA 

36     YY 

2 

10 

4-14 

NOP 

00 

1 

4 

4-12 

ORA 

REG 

10110XXX 

1 

4 

4-12 

ORA 

M 

86 

1 

7 

4-15 

ORI 

DATA 

F6     YY 

2 

7 

4-15 

OUT 

PORT 

D3     YY 

2 

10 

4-29 

PCHL 

E9 

1 

5 

4-13 

POP 

RP 

11XXOO01 

1 

10 

4-19 

PUSH 

RP 

11XX0101 

1 

11 

4-18 

RAL 

17 

1 

4 

4-12 

RAR 

1F 

1 

4 

4-12 

RC 

D8 

1 

5/11 

4-27 

RET 

C9 

1 

10(11)* 

4-19 

RLC 

07 

1 

4 

4-12 

RM 

F8 

1 

5/11 

4-27 

RNC 

DO 

1 

5/11 

4-27 

RNZ 

CO 

1 

5/11 

4-27 

RP 

FO 

1 

5/11 

4-27 
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E8 

1 

5/11 

4-27 

RPO 

EO 

1 

5/11 

4-27 

RRC 

OF 

1 

4 

4-12 

RST 

N 

11XXX111 

1 

11 

4-18 

RZ 
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5/11 

4-27 
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REG 

1001 1XXX 
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4-12 
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7 

4-15 

SBI 

DATA 

DE     YY 

2 

7 

4-15 

SHLD 

ADDR 

22     ppqq 

3 

16 

4-25 

SPHL 

F9 

1 

5(4)* 

4-13 

STA 

ADDR 

32     ppqq 

3 

13 

4-23 

STAX 

RP 

000X0010 

1 

7 

4-16 

STC 

37 

1 

4 

4-12 

SUB 

REG 

10010XXX 

1 

4 

4-12 

SUB 

M 

96 

1 

7 

4-15 

SUI 

DATA 

D6     YY 

2 

7 

4-15 

XCHG 

EB 

4 

4-12 

XRA 

REG 

10101XXX 

1 

4 

4-12 

XRA 

M 

AE 

1 

7 

4-15 

XRJ 

DATA 

EE     YY 

2 

7 

4-15 

XTHL 

E3 

1 

18(17)* 

4-21         1 

ppqq        represents  four  hexadecimal  digit  memory  address 
YY  represents  two  hexadecimal  data  digits 

YYYY       represents  four  hexadecimal  data  digits 
X  represents  an  optional  binary  digit 

ddd  represents  optional  binary  digits  identifying  a  destination  register 

sss  represents  optional  binary  digits  identifying  a  source  register 

*  The  NEC  8080A  has  five  instructions  with  unique  execution  times,  defined  above  by 
(N)*  where  N  is  the  number  of  NEC  8080A  instruction  cycles. 
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INSTRUCTION  EXECUTION  TIMES  AND  CODES 

Table  4-5  lists  instructions  in  alphabetic  order  showing  object  codes  and  execu- 
tion times,  expressed  as  machine  cycles. 

Where  two  instruction  cycles  are  shown,  the  first  is  for  "condition  not  met" 
whereas  the  second  is  for  "condition  met". 

Detailed  timing  for  instructions  is  provided  by  Figures  4-12  through  4-30.  Table  4-5 
identifies  the  tinning  diagram  that  applies  to  each  instruction. 

Instruction  object  codes  are  represented  as  two  hexadecimal  digits  for  instruc- 
tions without  variations. 

Instruction  object  codes  are  represented  as  eight  binary  digits  for  instructions 
with  variations;  the  binary  digit  representation  of  variations  is  then  identifiable. 

The  second  and  third  bytes  of  multibyte  instruction  codes  are  not  shown.  These  bytes 
contain  either  data  or  addresses  and  their  contents  are  self-evident 

The  NEC  8080A  has  four  instructions  with  execution  times 
that  differ  from  the  Intel  8080A.  These  four  instructions  are 
the  Register  Move  (MOV),  the  Return  (RET),  the  16-bit  Add 
(DAD),  and  the  Exchange  instructions  XTHL  and  SPHL. 


NEC  8080A 

INSTRUCTION 

EXECUTION 

TIME 

DIFFERENCES 


SUPPORT  DEVICES  THAT  MAY  BE  USED 
WITH  THE  8080A 

Of  the  microprocessors  described  in  this  book  none  have  a  wider  variety  of  sup- 
port devices  than  the  8080A.  These  support  devices  are  described  in  the  rest  of 
Chapter  4.  Most  of  the  devices  described  were  originally  developed  by  Intel, 
although  a  few  were  not.  Note  that  the  8224  Clock  Generator  and  the  8228  System 
Controller  devices  are  used  so  routinely  with  the  8080A  that  they  frequently  are  looked 
upon  as  a  three-chip  CPU.  An  exception  is  the  TMS5501  made  by  Texas  Instruments;  it 
cannot  be  used  with  an  8228  System  Controller.  . 

In  addition  to  the  support  devices  described  in  this  chapter,  the  MILE  bidirectional  8- 
bit  port  may  be  used  with  an  8080A.  The  MILE  is  manufactured  by  National  Semicon- 
ductor for  use  with  the  PACE  and  SC/MP  microprocessors;  it  is  described  in  Chapter 
14. 

A  number  of  general  purpose  support  devices  are  described  in  Chapter  21 .  These 
are  support  devices  that  may  be  used  with  any  microprocessor  and  are  specific  to 
none. 

One  generalization  that  can  be  made  regarding  8080A  support  devices  is  that  the 
8080A  is  so  well  endowed  with  support  logic  that  it  will  rarely  make  much  sense  to  use 
another  microprocessor's  support  part  in  preference- 
It  is  very  difficult  to  use  6800  support  devices  with  the  8080A  because  6800  support 
devices  require  a  synchronizing  strobe  signal  which  is  difficult  to  generate  within  an 
8080A  system. 
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Figure  4-12.  Signal  Sequences  And  Timing  For  Instructions: 

STC,  CMC,  CMA,  NOP,  RLC,  RRC,  RAL,  RAR,  XCHG,  El, 

Dl,  DAA,  ADD  R,  ADC  R,  SUB  R,  SBB  R,  ANA  R,  XRA  R,  ORA  R,  CMP  R 
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Figure  4-13.  Signal  Sequences  And  Timing  For  instructions' 
INR,  DCR,  MOV  REG  REG,  SPHL,  PCHL.  DCX,  (NX 
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Figure  4-15.  Signal  Sequences  And  Timing  For  Instructions: 

LDAX,  MOV  REG  M.  ADI.  ACI,  SUI.  SBI,  ANI,  XRI,  ORI,  CPI,  MVI  R,  ADD  M, 

ADC  M,  SUB  M,  SBB  M,  ANA  M.  XRA  M,  ORA  M,  CMP  M 


Figure  4-16.  Signal  Sequences  And  Timing  For  Instructions: 
STAX,  MOV  M  REG 
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THE  8224  CLOCK  GENERATOR  AND  DRIVER 

The  primary  purpose  of  this  device  is  to  provide  the  8080A  CPU  with  its  required 
$1  and  <E>2  clock  signals.  Coincidentally,  the  8080A  READY  and  RESET  inputs  are 
created,  with  correct  synchronization.  Recall  that  these  two  signals  must  be  syn- 
chronized with  <$>2  , 

Logic  implemented  on  the  8224  Clock  Generator  corresponds  generally  to  the 
block  labeled  "Clock  Logic"  in  Figure  4-1.  To  be  completely  accurate,  however,  a 
small  portion  of  the  Bus  Interface  Logic  should  also  be  illustrated  as  provided  by 
the  8224  device. 

8224  CLOCK  GENERATOR  PINS  AND  SIGNALS 

8224  pins  and  signals  are  illustrated  in  Figure  4-31.  Figure  4-33  illustrates  the 
8224  connected  to  an  8080A  CPU  and  an  8228  System  Controller. 

Signals  may  be  divided  between  timing  logic  and  control  logic. 

Clock  frequency  is  controlled  by  a  crystal  connected  to  the 
XTAL1  and  XTAL2  pins.  Crystal  frequency  must  be  exactly 
nine  times  the  required  clock  period.  The  fastest  clock  period 
supported  today  is  250  nanoseconds,  provided  by  the  AMD 
9080A.  500  nanosecond  clock  periods  are  standard.  Since  crystal  frequency  has  to  be 
nine  times  the  clock  period,  the  usual  500  nanosecond  clock  will  require  an  1 8  MHz  fre- 
quency crystal 

If  an  overtone  mode  crystal  is  employed,  then  it  must  be  supported  by  an  external 
LC  network,  connected  to  the  TANK  input.  This  is  standard  clock  logic  practice; 
microprocessor  clock  logic  represents  no  special  case,  therefore  overtone  mode  crystals 
are  not  discussed  further 
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PIN  NAME  DESCRIPTION  TYPE 

RESET  Control  signal  output  to  8080A  Output 

RESIN  Reset  logic  input  Input 

RDYIN  Ready  logic  input  Input 

READY  Control  signal  output  to  8080A  Output. 

SYNC  Control  signal  input  from  8080A  Input 

$2  (TTL)  TTL  level  duplicate  of  4>2  Output 

STSTB  Sync  signal  output  to  8228  Output 

XTAL1,XTAL2  External  crystal  connections  Input 

TANK  Overtone  crystal  extra  input  Input 

OSC  Crystal  oscillator  waveform  Output 

*1.  *2  Clock  signals  to  8080A  Output 

VCC-VDD'GND  Power  and  Ground 

Figure  4-31.  8224  Clock  Generator  Signals  And  Pin  Assignments 
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The  principal  clock  signals  output  are  01  and  $2,  as  required  by  the  8080A  CPU. 

These  two  clock  signals  are  derived  from  a  divide-by-nine  counter  that  defines  01  and 
<f>2  as  follows: 


JT 


I  I  I 

Two  additional  timing  signals  are  output: 

The  crystal  oscillator  frequency  is  output  as  OSG. 

A  TTL  level  duplicate  of  $2  is  also  output  for  general  use  within  the  microcomputer 
system. 

The  RESET  input  signal  required  by  the  8080A  CPU  is  usually  generated  by  special 
external  logic  to  provide  sharp  signal  edges  and  synchronization  with  the  <i>2 
clock  pulse.  Consider  one  common  use  of  RESET  —  to  detect  power  failure.  A  vague 
input  may  have  to  be  converted  into  a  crisp  RESET  as  follows: 


Input  (RESIN) 


The  8224  Clock  Generator  will  accept  a  sloppy  input,  as  illustrated  above  by 
RESIN,  and  in  response  will  create  a  sharp  RESET  output  that  conforms  to  the  re- 
quirements of  the  8080A  CPU.  A  Schmitt  trigger  within  the  logic  of  the  8224  clock 
chip  creates  the  appropriate  reset  logic  level  change  when  RESIN  falls  below  a 
threshold  level 

RESET  is  also  frequently  connected  to  manually  operated  switches;  this  allows  the 
microcomputer  system  to  be  reset  by  human  intervention.  The  following  simple  circuit 
creates  the  appropriate  RESIN  input  to  the  8224  Clock  Generator  so  that  either  power 
failure  or  an  externa!  switch  may  reset  the  CPU: 

VCC  (Power  fail  detect  source) 


manual 
switch 

-c^c- 


4-61 


READY  logic  accepts  an  asynchronous  RDYIN  signal  and  creates  a  synchronous 
READY  input  to  the  8080A  CPU: 


n r<j r\ 


One  further  signal  created  by  the  8224  Clock  Generator  is  the  status  strobe  signal 
STSTB,  which  is  required  by  the  8228  System  Controller.  This  signal  is  of  very  little 
interest  to  a  user  since  it  simply  accepts  an  8080A  SYNC  output  and  converts  it  into  the 
required  8228  STSTB  input 

When  comparing  the  8080A  microcomputer  system  with  other  devices,  it  would 
be  inaccurate  to  dismiss  the  8224  Clock  Generator  simply  as  an  additional 
device  —  which  must  be  added  to  an  8080A  system,  supplying  logic  which  is 
commonly  found  on  competing  CPU  chips.  Do  not  forget  the  reset  logic  capability 
provided  by  the  8224  Clock  Generator 

It  can  be  argued  that  the  8080A  CPU  creates  an  artificial  restriction  -—  that  RESET  and 
READY  inputs  must  be  synchronized  with  <J>2;  therefore  the  fact  that  the  8224  does 
this  for  you,  simply  eliminates  a  self  imposed  problem  that  should  never  have  been 
there  in  the  first  place.  This  reasoning  has  merit  but  the  ability  of  the  8224  to  receive  a 
ragged  RESIN  input  is  a  valuable  feature  that  should  not  be  overlooked. 


THE  8228  AND  8238  SYSTEM  CONTROLLER 
AND  BUS  DRIVER 

The  8228  System  Controller  consists  of  a  bidirectional  bus  driver,  plus  control  sig- 
nal  generation  logic.  The  8238  System  Controller  advances  l/OW  and  MEMW  to 
give  large  memories  more  time  to  respond  to  a  memory  write. 

BUS  DRIVER  LOGIC 

A  large  number  of  memory  and  I/O  devices  may  be  connected  directly  to  the  8228 
bidirectional  Data  Bus;  such  connections  to  the  8080A  Data  Bus  would  not  be 
feasible.  Remember,  memory  devices  leak  current  even  when  they  are  not  selected; 
therefore,  even  the  passive  load  of  unselected  memory  devices  connected  directly  to  an 
8080A  CPU  will  leak  more  current  than  is  available. 

When  comparing  the  8080A  microcomputer  system  with  an  alternate  microcom- 
puter system,  you  should  look  carefully  at  the  fan  out  provided  by  the  alternate 
CPU. 

If  the  alternate  CPU  busses  need  to  be  buffered,  then  the  8228  System  Controller 
becomes  the  equivalent  8080A  system  device;  as  such  it  does  not  represent  an  eco- 
nomic liability. 

If  the  alternate  CPU  busses  do  not  need  to  be  buffered,  then  the  8228  System  Controller 
represents  an  additional  device,  peculiar  to  the  8080A  system. 
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CONTROL  SIGNAL  LOGIC 

The  8228  combines  the  three  8080A  control  signals:  WR,  DBIN  and  HLDA,  with 
the  statuses  output  on  the  Data  Bus  during  T2  in  order  to  generate  bus  control  sig- 
nals as  follows: 

MEMR  status  on  D7  true,  with  DBIN  true  generates  MEMR  true 
OUT  status  on  D4  false,  with  WR  true  generates  MEMW  true 
INP  status  on  D6  true,  with  DBIN  true  generates  l/OR  true 
OUT  status  on  D4  true,  with  WR  true  generates  l/OW  true 
INTA  status  on  DO  true  generates  INT  A  true 


DESCRIPTION  TYPE 

Data  Bus  connection  to  CPU  Bidirectional 

Data  Bus  to  external  logic  Bidirectional 

Status  strobe  input  from  8224  Input 

Hold  acknowledge  input  from  CPU  Input 

Data  output  strobe,  input  from  CPU  Input 

Data  input  strobe,  input  from  CPU  Input 

I/O  write  control  output  Output 

Memory  write  control  output  Output 

I/O  read  control  output  Output 

Memory  read  control  output  Output 

Interrupt  acknowledge  control  Output 

DB  Bus  float/enable  control  input  Input 
Power  and  Ground 

Figure  4-32.  8228  System  Controller  Signals  And  Pin  Assignments 

8228  SYSTEM  CONTROLLER  PINS  AND  SIGNALS 
8228  pins  and  signals  are  illustrated  in  Figure  4-32. 

DO  through  D7  represent  the  bidirectional  Data  Bus  connection  between  the  8228 
System  Controller  and  the  8080A  CPU;  it  is  referred  to  as  the  "Processor  Data  Bus", 

DBO  through  DB7  represent  the  high  fan  out,  bidirectional  Data  Bus  accessed  by  exter- 
nal logic;  it  is  referred  to  as  the  "System  Data  Bus". 

WR,  DBIN  and  HLDA  represent  the  control  signals  of  the  same  name  that  are  output 
by  the  8080A  CPU 
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AH  control  bus  signals  use  active  low  logic  and  may  be  defined  as  follows: 
MEMR  —  a  read  from  memory  strobe 
MEMW  —  a  write  to  memory  strobe 
l/OR  —  a  read  from  externa!  I/O  strobe 
-a  write  to  external  I/O  strobe 
interrupt  acknowledge 


l/OW- 

INTA- 


Control  signal  timing  is  given  in  Figure  4-34, 


The  interrupt  acknowledge  signal  INTA  has  two  special  features  which  need  to  be 
explained.  This  signal  may  be  tied  to  a  +12  Volt  power  supply  through  a  1K  Ohm 
resistor,  in  which  case  8228  logic  assumes  that  there  is  only  one  possible  interrupting 
source  within  the  microcomputer  system.  Now  the  8228  will  automatically  insert 
the  object  code  for  an  RST  7  instruction  in  response  to  the  interrupt  acknowledge. 
This  means  that  external  logic  does,  not  need  to  supply  the  first  post-interrupt  instruc- 
tion's object  code.  Of  course,  this  means  that  all  interrupt  service  routines  effectively 
begin  with  the  execution  of  an  RST  7  instruction. 

If  external  logic  responds  to  the  INTA  low  pulse  by  supplying  the  first  byte  of  a 
CALL  instruction's  object  code  (1 1001101),  then  the  8228  System  Controller  will 
automatically  generate  two  more  INTA  low  pulses  for  the  next  two  machine  cy- 
cles. See  Figure  4-34  for  INTA  pulse  timing  within  the  machine  cycle.  Now  external 
logic  can  use  the  INTA  pulse  as  a  memory  deselect  and  an  interrupt  acknowledge  logic 
select  Here  is  a  very  general  illustration  of  external  logic  that  responds  to  an  interrupt 
acknowledge  by  supplying  the  CPU  with  a  three-byte  CALL  instruction's  object  code: 


from 

1 

Select  true  on 
first  INTA  puise 

select  (High  true) 

8228 

Any  pulse 
count  logic 

± 

Select  true 
on  second 
INTA  pulse 

8-bit  port, 
holds  11001101 

1 

Select  true  on  third 
INTA  pulse 

8-bit  port, 
holds  Call 
address,  low 
order  byte 

± 

8-bit  port, 
holds  Call 
address;  high 
order  byte 

• 

Data:  Bus  to  CPU 

«*        i 
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Recall  that  the  NEC  8080A  generates  three  INTA  low  output  pulses  in  response  to  a  Call 
instruction  object  code  being  returned  during  the  interrupt  acknowledge  process.  But 
the  NEC  8228  System  Controller  does  not  assume  that  these  three  low  INTA  pulses  will 
occur  Thus  the  NEC  8228  System  Controller  may  be  used  with  an  NEC  8080A  or 
any  other  8080A.  In  every  case  the  NEC  8228  will  generate  three  low  INTA  output 
pulses  when  external  logic  responds  to  an  interrupt  acknowledge  by  providing  a  Call  in- 
struction object  code. 


The  status  strobe  STSTB  which  is  output  by  the  8224  Clock  Generator  is  a  variation  of 
the  SYNC  output  from  the  8080A  CPU.  STSTB  synchronizes  the  8228  System  Con- 
troller and  is  of  no  other  concern  to  an  8080A  user. 


BUSEN  is  an  external  input  to  the  8228  System  Controller.  This  is  a  very  useful  sig- 
nal because  it  allows  external  logic  to  float  the  Data  Bus.  When  this  signal  is  input 
low,  the  bidirectional  bus  driver  logic  of  the  8228  System  Controller  presents  a 
high  impedance  to  the  external  Data  Bus,  thus  allowing  external  logic  to  gain  ac- 
cess to  this  bus.  We  will  have  more  to  say  about  BUSEN  later  in  this  chapter  when 
describing  the  8257  Direct  Memory  Access  control  device. 

Figure  4-33  illustrates  the  way  in  which  the  8080A  CPU  normally  combines  with  the 
8224  Clock  Generator  and  the  8228  System  Controller  These  three  devices  are  fre- 
quently looked  upon  as  a  single  entity. 

THE  8251  PROGRAMMABLE 
COMMUNICATION  INTERFACE 


This  is  a  typical  serial  I/O  device,  referred  to  generically  as  a  8251 

Universal    Synchronous/Asynchronous    Receiver/Transmitter  US  ART 

(USART).  The  8251   is  very  similar  to  the  serial  I/O  device  I— — 

which  was  described  conceptually  in  Volume  I,  Chapter  5.  The  description  that 
follows  therefore  assumes  you  have  read  Volume  I,  or  otherwise  understand  serial 
I/O  device  concepts. 

Figure  4-35  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  8251  USART. 

Table  4-6  summarizes  the  performance  options  available  to  you  when  using  the 
8251  USART  in  a  microcomputer  system.  The  8251  USART  is  packaged  as  a  28- 
pin  DIP.  It  uses  a  single  +5V  power  supply.  All  inputs  and  outputs  are  TTL  com- 
patible. 

Of  the  8080A  support  devices  described  in  this  chapter  the  8251  is  the  most 
difficult  to  use.  Unless  you  carefully  understand  logic  associated  with  every  signal  and 
function  —  and  write  appropriate  8251  control  programs  —  the  device  will  malfunc- 
tion. Some  problems  associated  with  using  the  8251  USART  have  been  removed  by 
AMD  in  their  9551  upward  replacement  device.  If  you  are  designing  new  applications, 
we  recommend  you  use  the  9551  USART  in  preference  to  the  8251  USART 
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-Instruction  Fetch  - 


Instruction 
Execute 
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Figure  4-34,  Timing  For  Control  Signals  Output  By 
The  8228  System  Controller 
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Table  4-6.  A  Summary  Of  8251  USART  Options 


FEATURE 

SYNCHRONOUS 
OPTIONS 

ASYNCHRONOUS 
OPTIONS 

Bits  per  character 

5,  6,  7  or  8 

5,  6,  7  or  8 

Baud  Rate 

DC  to  56K  Baud 

DC  to  61 5/1 6K  Baud 

Errors  detected 

Parity,  Overrun 

Parity,  Overrun,  Framing 

Synchronization 

Internal  or  External 

Does  not  apply 

Clock  Rate** 

Baud  Rate 

1*,    16   or  64   times   Baud  Rate 

Stop  Bits 

Does  not  apply 

1 ,  1  V*  or  2 

*x1  Asynchronous  is  a  special  case  sometimes  referred  to  as  "isosynchronous". 
**The  clock  rate  cannot  exceed  the  microcomputer  system  clock  frequency. 

8251  USART  PINS  AND  SIGNALS 

8251  USART  pins  and  signals  are  illustrated  in  Figure  4-36.  Signals  may  be  divided 
into  the  following  four  categories: 

1)  CPU  Interface  and  Control 

2)  Serial  Input 

3)  Serial  Output 
4}  Modem  Control 

We  will  first  consider  CPU  Interface  and  Control  signals. 

DO  -  D7  constitutes  an  8-bit,  bidirectional  Data  Bus.  When 

data  is  output  to  the  8251  USART  from  the  CPU,  either  a  byte  of 

parallel  data,  or  a  Control  Code  may  be  transmitted,  The  8251 

USART  will  convert  data  bytes  into  a  serial  data  stream  and  output 

the  serial  data  stream  to  external  logic.  Control  codes  define  the  serial  data  protocol 

that  will  be  used  by  the  8251  USART 

Either  data  or  status  may  be  input  from  the  8251  USART  to  the  CPU  via  the  Data  Bus. 
Data  consists  of  an  8-bit,  parallel  data  unit  extracted  from  the  serial  input  data  stream. 
Status  consists  of  the  contents  of  a  USART  Status  register,  A  program  executed  by  the 
CPU  can  examine  individual  bits  from  the  Status  register  and  conditionally  execute 
different  logic  sequences  depending  on  statuses  indicated. 

The  8251  USART  can  be  accessed  by  the  CPU  either  as  two 
I/O  ports,  or  as  two  memory  locations.  8251  select  logic  con- 
sists of  a_  master  chip  select  input  CS,  and  a  Control/Data  

select  C/D.  So  long  as  CS  is  low,  the  USART  will  be  connected  to  the  Data  Bus.  CS 
must  therefore  be  derived  from  Address  Bus  lines  so  that  two  I/O  port  addresses  or  two 
memory  addresses  cause  CS  to  be  generated  low;  one  of  the  two  select  addresses  must 
set  C/D  low  while  the  other  select  address  sets  C/D  high. 


8251  USART 

CPU 

INTERFACE 


8251  USART 
ADDRESSING 
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PIN  NAME  DESCRIPTION 

DO  -  D7  Data  Bus 

RESET  System  reset 

CLK  Device  Clock 

C/D  Control  or  Data  select 

RD  Read  data  or  status  on  Data  Bus 

WR  Write  Data  or  Control  on  Data  Bus 

CS  Chip  Sefect 

DSR  Data  set  ready  indicator 

DTR  Data  terminal  ready  indicator 

CTS  Clear  to  send  data  indicator 

RTS  Request  to  send  data  indicator 

TxD  Serial  data  output 

TxRDY  Transmitter  ready  to  receive  data  on  Data  Bus 

TxEMPTY  Transmitter  empty.  Has  no  data  to  transmit 

TxC  Serial  transmit  data  clock 

RxD  Serial  data  input 

RxRPY  A  character  is  ready  to  transmit  on  Data  Bus 

RxC  Serial  data  input  clock 

SYNDET  Synchronous  data  detect  or  force 

Vcc,  GND  Power  and  Ground 


TYPE 
Bidirectional 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Output 
Input 
Output 
Output 
Output 
Output 
Input 
input 
Output 
Input 
Bidirectional 


Figure  4-36.  8251  Programmable  Serial  Communications  Interface 
Signals  And  Pin  Assignments 

If  the  8251  is  being  selected  via  two  memory  addresses,  select  logic  may  be  illustrated 
in  this  elementary  form: 


"C/D 


Address  Decode 

and 

Select  Logic 


Address  decode  and  select  logic  illustrated  above  generates  a  single  low  CS  signal  by 
decoding  the  15  address  lines  A1  -  A15.  There  is,  of  course,  no  reason  why  15  address 
lines  must  be  decoded;  and  in  many  small  systems,  it  may  be  possible  to  generate  CS 
out  of  a  single  address  line-™ or  perhaps  two  address  lines.  The  one  thing  that  you 
must  insure  is  that  the  address  decode  logic  which  selects  CS  low  does  not  also  select 
any  memory  location  So  long  as  the  8251  address  space  does  not  overlap  memory  ad- 
dress spaces,  no  problems  will  arise. 
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Even  the  selection  of  AO  as  a  single  address  line  connected  to  C/D  is  arbitrary.  What  it 
says  is  that  two  sequential  memory  addresses  will  be  set  aside  for  the  8251 : 

XXXXXXXXXXXXXXXO   —   Data  select 
XXXXXXXXXXXXXXX1    —  Control/Status  select 

The  direct  generation  of  CS  and  C/D  from  the  Address  Bus,  as  illustrated  above,  will 
work  providing  you  are  using  an  8228  System  Controller  to  generate  all  read  and 
write  control  strobes.  But  the  8080A  CPU  outputs  undefined  information  on  the  Ad- 
dress Bus  during  clock  periods  when  the  Address  Bus  is  not  being  floated,  and  is  not 
being  used  for  a  memory  read  or  write  operation  This  being  the  case,  select  logic  based 
entirely  on  decoding  the  Address  Bus  can  spuriously  cause  devices  to  consider  them- 
selves selected,  even  though  no  read  or  write  operation  is  in  progress.  But  so  long  as  no 
read  or  write  strobe  occurs  during  such  spurious  selections,  no  harm  is  done;  and  pro- 
viding you  use  an  8228  System  Controller  in  your  8080A  configuration,  you  can  be  sure 
that  read  and  write  strobes  will  only  occur  at  the  proper  time.  If  you  are  generating  your 
own  read  and  write  control  logic,  then  you  must  remember  that  any  select  logic  based 
on  direct  Address  Bus  decoding  can  cause  the  8251  USART  to  become  selected  ran- 
domly—  at  times  when  no  USART  access  operation  is  supposed  to  be  in  progress. 

If  you  use  I/O  instructions  to  access  an  8251  USART,  then  address  lines  AO  -  A7 
are  the  active  address  carriers.  Select  logic  that  generates  CS  and  C/D  can  now  ig- 
nore A8-  A 15. 

A  programmer  will  access  the  8251  USART  as  two  I/O  ports  or  two  memory  ad- 
dresses —  one  of  which  inputs  or  outputs  data  while  the  other  inputs  status  or 
outputs  controls. 

Every  input  or  output  operation  will  be  identified  by  the  execution  of  either  a  memory 
reference  instruction  or  an  I/O  instruction.  In  response  to  instruction  execution,  the 
8228  System  Controller  will  generate  MEMR.  MEMWJ/OR  or  l/OW.  These  control  sig- 
nals are  connected  to  WR  and  RD  as  follows: 

If  the  8251  USART  is  accessed  as  two  memory  locations: 


8251  BUS 
CONTROL 
SIGNALS 


MEMR RD 

MEMW WR 

If  the  8251  USART  is  accessed  as  two  I/O  ports: 

ITOR RD 

l/OW WR 

When  WR  is  low,  the  CPU  is  outputting  data  or  a  control  word 
to  the  USART 

When  RD  is  low,  the  CPU  is  inputting  data  or  status  from  the 
USART, 

There  are  two  additional  CPU  interface  and  control  signals:  RESET  and  CLK. 
RESET  is  a  typical  system  reset  signal  which,  when  input  high,  forces  the  8251 
USART  into  an  idle  mode.  In  this  mode,  all  controls  are  reset  —  which  means  that  sub- 
sequent operation  must  begin  with  instructions  executed  by  the  CPU  to  define  the  type 
of  operation  which  is  to  follow;  this  is  done  using  Control  Codes  which  we  will  define 
shortly, 

CLK  is  a  clock  signal  input,  usually  connected  to  the  $2  TTL  level  output  of  the 
8224  Clock  Generator.  Note  carefully  that  this  clock  input  does  not  control  either 
the  serial  transmit  rate  or  the  serial  receive  rate.  For  the  8251,  this  clock  is  used  for 
internal  timing  within  the  USART.  However,  it  does  have  to  be  at  least  30  times  the 
receive  or  transmit  rate  in  synchronous  mode  and  1 3  times  the  receive  or  transmit  rate 


4-71 


in  asynchronous  mode.  Also,  because  of  device  electrical  specifications,  CLK  must  be 
more  than  0.74  MHz  and  less  than  2.38  MHz.  For  the  9551  in  asynchronous  mode  CLK 
must  be  greater  than  4,5  times  the  frequency  of  either  transmit  or  receive  clocks. 

8251  USART  DATA  TRANSFER  AND  CONTROL 

There  are  a  number  of  buffers  via  which  data  flows  into  and  out  of  the  8251 
USART.  These  data  flows  may  be  illustrated  as  follows: 


Parallel 
Data  In 


Serial 
data 
input 


Serial 

Control 

data 

signals  to 

output 

Control  logic 
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The  AMD  9551  has  a  separate  Control  register  for  Control 
codes.  Thus  the  AMD  9551  data  flows  may  be  illustrated  as 
follows: 


9551 

CONTROL 
COMMAND 
BUFFER 


Parallel 
Data  In 


Parallel 
Data  Out 


Control 
Code  In 


Status 
Out 


'in 


Buffer 
RA 


r  w 


U    tt 


Buffer 
TA 


Buffer 
RB 


Buffer 
TB 


J  I 


Control /Status 

WW 
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Control 

Status 
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} 

f 

Serial 

Serial 

Data 

Data 

input 

output 

Control  Signals 

to 
Control    Logic 

Before  discussing  individual  signals  which  control  data  flows  within  the  8251 
USART,  consider  the  implications  of  the  illustration  above. 

When  serial  data  is  input,  8-bit  parallel  data  units  are  assembled  in  buffer  RB 

As  soon  as  serial  data  output  logic  has  exhausted  the  contents  of  Buffer  TB,  it  seeks  the 
next  character  to  be  output  in  TA;  TA  contents  are  shifted  into  buffer  TB. 

Any  memory  read  or  input  instruction  which  accesses  the  Data  Address  of  the  8251 
USART  will  access  the  contents  of  buffer  RA.  Therefore  buffer  RA  contents  must  be 
read  while  the  next  sequential  data  byte  is  being  assembled  in  buffer  RB. 

Timing  for  serial  data  input  may  be  illustrated  conceptually  as  follows: 
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Input  serial 
character  1 
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Input  serial 
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to  RB 
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Input  serial 
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to  RB 
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CPU  read 
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out  of  RA 
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When  the  next  sequential  byte  has  been  assembled  in  buffer  RB,  it  will  be  shifted  to 
buffer  RA,  erasing  prior  buffer  RA  contents.  If  these  prior  buffer  RA  contents  have  not 
been  read,  an  overrun  error  will  be  reported  in  the  Status  register 

If  for  the  moment  we  ignore  Control  Commands,  then  serial  data  output  is  essen- 
tially the  reverse  of  the  serial  data  input. 

8251  USART  logic  converts  the  parallel  contents  of  buffer  TB  into  a  serial  data  stream 
according  to  the  protocol  selected.. 

As  soon  as  serial,  data  output  logic  has  exhausted  the  contents  of  buffer  TB,  it  seeks  the 
next  character  to  be  output  in  TA;  TA  contents  are  shifted  into  buffer  TB. 

If  buffer  TA  is  empty,  then  in  synchronous  mode,  8251  USART  logic  inserts  a  SYNC 
character  into  buffer  TB  In  asynchronous  mode,  8251  USART  logic  transmits  a  break  or. 
mark  character,  depending  on  the  selected  option 

A  program  executed  by  the  8080A  must  transmit  the  next  data  byte  to  TA  while  the 
previous  data  byte  is  being  output  serially  from  TB  Conceptually,  timing  may  be  illustr- 
ated as  follows: 


Serial  Data  Out 


Shift  character 
from  TA  to  TB 


Output  serial 
character  1 
from  TB 
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Output  serial 
character  2 
from  TB 
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CPU  output 
character  2  to  TA 


CPU  output 
character  3  to  TA 


CPU  output 
character  4  to  TA 


A  Control  Command  is  written  out  by  accessing  the  8251  USART  Control/Status 
address;  the  Control  Command  byte  is  loaded  into  buffer  TA.  This  is  the  same 
buffer  which  holds  any  data  waiting  to  be  transferred  to  buffer  TB.  The  transient 
contents  of  buffer  TA,  following  arrival  of  a  Control  Command,  modifies  logic 
throughout  the  8251  USART  to  reflect  the  requirements  of  the  Control  Command  just 
received  There  is  no  permanent  Control  Command  buffer  in  the  8251,  but  remem- 
ber, the  9551  does  have  a  separate  Control  Command  buffer. 

The  one  point  of  considerable  confusion  which  arises  when  using  an  8251  USART 
is  the  fact  that  Control  Commands  and  data  waiting  to  be  output  share  buffer  TA. 

If  a  Control  Command  is  output  while  buffer  TA  holds  a  valid  data  byte,  then  the  valid 
data  byte  will  be  lost  —  and  the  Control  Command  will  be  substituted  as  the  next  byte 
of  data  to  be  serialized  and  output;  however,  defensive  programming  will  keep  you 
out  of  trouble.  We  are  soon  going  to  describe  control  signals  that  accompany 
transmitted  serial  data;  you  can  use  these  control  signals  to  keep  out  of  trouble  — 
and  we  will  explain  exactly  how. 
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If  you  are  issuing  Control  Commands  to  an  8251  USART  while  outputting  serial  data,  be 
sure  to  output  the  next  data  byte  as  soon  as  you  have  written  out  the  Control  Com- 
mand. Furthermore,  make  sure  that  both  output  operations  occur  within  the  time  taken 
to  serialize  and  output  the  data  byte  in  TB 
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Since  the  9551  USART  has  a  separate  Control  Command  9551  USART 

buffer,  none  of  the  preceding  comments  regarding  defen-  DIFFERENCES 

sive  programming  apply  to  the  9551.  When  using  the  9551         ■— ^^— 
you  can  output  Control  Commands  at  any  time  without  fear  of  affecting  the  serial  data 
output. 

Although  the  9551  has  a  separate  Control  Command  buffer,  you  can  replace  an  8251 
with  a  9551  without  having  to  change  any  8251  programs.  The  defensive  program- 
ming techniques  which  are  necessary  when  using  an  8251  are  harmless  when  using  a 
955 1  But  the  reverse  is  not  true  It  is  possible  to  write  programs  which  output  Control 
Commands  to  the  9551  at  times  which  would  be  invalid  when  using  an  8251  If  you 
have  a  9551  in  your  system,  then  do  not  switch  to  an  8251  since  there  is  a  high 
probability  that  the  switch  from  a  9551  to  an  8251  will  require  many  programming 
changes 

The  Status-register  contents  may  be  read  by  a  memory  read  or  input  instruction 
that  accesses  the  Control/Status  address  of  the  8251  USART  Reading  status  has 
no  impact  whatsoever  on  reading  or  writing  data,  or  writing  Control  Commands. 

Table  4-7  summarizes  the  data  flows  which  occur  in  response  to  the  control  and 
select  signals  C/D,  RD,  WR  and  CS. 

We  are  now  going  to  look  at  serial  transmit  and  receive  logic,  along  with  associ- 
ated control  signals. 

Table  4-7.  8251  Data  Flow  Paths 
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SERIAL  TRANSMIT 


8251  SERIAL 
TRANSMIT  LOGIC 


8251 

ISOSYNCHRONOUS 
SERIAL  I/O 


TRANSMITTING  SERIAL  DATA 
CONTROL  SIGNALS 

Consider  serial  transmit  logic.  There  are  four  signals  asso- 
ciated with  this  logic. 

The  actual  serial  data  output  occurs  via  TxD.  The  serial 
data  output  rate  is  controlled  by  the  transmit  clock  sig- 
nal which  must  be  input  on  TxC.  TxC  may  or  may  not  be 

derived  from  the  microcomputer  system  clock.  Remember,  

the  actual  rate  at  which  asynchronous  serial  data  is  output  may  be  Vie  the  TxC  clock 
rate,  or  Vm  of  this  rate.  Asynchronous,  serial  data  output  occurring  at  exactly  the  clock 
rate  is  referred  to  as  isosynchronous  serial  I/O. 

The  high-to-low  transition  of  TxC  clocks  data  transfers. 

Two  control  signals  are  generated  by  transmit  logic:  TxRDY  and  TxE. 

TxRDY  is  output  high  as  soon  as  buffer  register  TA  contents  have  been  shifted  into 
TB  —  and  TA  can  be  loaded  with  the  next  data  byte  to  be  output.  TxRDY  is  reset  low 
when  the  next  data  byte  is  output  to  TA  But  beware:  the  TxRDY  status  will  be 
available  on  the  TxRDY  pin  only  when  the  8251  USART  is  enabled  to  transmit  — 
that  is,  when  CTS  is  low  and  TxE  is  high.  However,  the  TxRDY  bit  in  the  Status 
buffer,  which  we  will  discuss  later,  is  always  set  when  the  buffer  register  TA  is 
empty,  whether  or  not  the  8251  USART  has  been  enabled. 

TxE  is  output  high  as  soon  as  data  in  TA  has  been  serialized  and  output.  TxE  re- 
mains high  until  a  valid  data  byte  is  shifted  from  TB  into  TA, 

Asynchronous    serial    output    timing    may    be 
follows: 


llustrated    as 


8251 

ASYNCHRONOUS 

TRANSMIT 


J©       ®(r~a     7®  JrA_ 


M  =  Marking 

A  =  Start  bit 

D  =  Data  bits 

P  =  Parity  bit 

0  =  Stop  bits 


Let  us  consider  the  event  sequence  illustrated  by  the  timing  diagram  above.  In 

itialiy  a  mark  is  being  output  via  TxD, 


Data  ©  arrives  and  is  strobed  into  TA  by  WR  © 

Since  TxE  is  high,  TB  is  empty;  so  TA  contents  are  imr 
TxE  is  reset  low. 

Data  ©   is  now  serialized  and  output  @  from  TB„ 


Since  TxE  is  high,  TB  is  empty;  so  TA  contents  are  immediately  transferred  to  TB  @ 
TxE  is  reset  low.  ^ 
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As  soon  as  data  output  @  is  complete,  as  identified  by  the  output  of  stop  bits,  TB  is 
empty,  so  TxE  is  set  high  © 

However,  as  soon  as  TA  contents  were  transferred  to  TB  ©  ,  TA  became  empty,  so 
TxRDY  was  set  high  again  ©  .  This  high  was  used  to  trigger  transfer  of  the  next  data 
byte  to  TA  ©  .  Therefore  when  TxE  is  set  high  ©  ,  data  is  waiting  in  TA.  This  data 
is  immediately  transferred  to  TB,  resetting  TxE  ®  ,  and  again  setting  TxRDY 
high  © 

The  next  data  byte  ©    is  now  serialized  and  output    Qo)    from  TB 

You  should  use  the  TxRDY  signal  or  status  to  time  transmission  of  data  bytes  to  an 
8251  USART.  The  TxRDY  signal  frequently  is  used  to  generate  an  interrupt  request;  the 
resulting  interrupt  service  routine  transmits  the  next  data  byte  to  the  USART  This  may 
be  illustrated  as  follows: 


PUSH 

PSW 

PUSH 

H 

LHLD 

SOUT 

MOV 

A,M 
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PORTN 

POP 
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POP 

PSW 

RET 

■^  Background 
Program 


SAVE  A  AND  PSW  ON  THE  STACK 

SAVE  H  AND  L  ON  THE  STACK 

LOAD  CURRENT  SERIAL  DATA  OUTPUT  BUFFER  ADDRESS 

LOAD  NEXT  BYTE  FOR  SERIAL  OUTPUT 

OUTPUT  TO  8251 

RETURN  FROM  INTERRUPT  SERVICE  ROUTINE 


When  data  output  speed  is  not  critical  you  can  poll  the  Status  register  of  the  8251 
USART  in  order  to  determine  when  TxRDY  is  low  —  and  another  data  byte  may  be  out- 
put to  the  8251  USART 
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By  using  TxE  and  TxRDY  together  you  can  determine  when  Control  codes  may  be  out- 
put to  an  8251  USART.  The  high-to-low  transition  of  TxE  marks  the  point  at  which  data 
has  been  transferred  from  TA  to  TB  —  and  TA  is  empty.  Thus  you  may  use  TxE  to  cor- 
rectly time  Control  Command  outputs.  Consider  the  following  flip-flop  used  to  create  a 
Control  Command  interrupt  request: 


Interrupt  enable 

connected  to 

an  I/O  Port  pin 


INT  Interrupt  request  to  CPU 


The  trailing  edge  of  TxE  is  used  to  clock  the  flip-flop  which  requires  a  low  D  input  for  a 
valid  interrupt  request  to  be  output  This  low  D  input  must  be  provided  as  an  appropri- 
ate output  from  an  I/O  port.  When  you  are  ready  to  output  a  Control  Command,  the 
following  instruction  sequence  will  ensure  that  the  Control  Command  is  output  cor- 
rectly: 


MVI  A.ENABLE 

OUT  PORTN 

LOOP         NOP 

JMP  LOOP 

MAIN  PROGRAM  CONTINUES  HERE 


LOAD  DATA  WITH  PIN  SETTING  FOR  D  LOW 
D  IS  CONNECTED  TO  A  PIN  OF  PORT  N 
;WAIT  FOR  INTERRUPT 


CONTROL  COMMAND  OUTPUT  PROGRAM  OCCURS  ANYWHERE  IN  YOUR  PROGRAM 
AS  A  SERVICE  ROUTINE 


8251 

SYNCHRONOUS 

TRANSMIT 


Synchronous  serial  transmit  timing  is  essentially  the  same 
as  the  asynchronous  timing  we  have  just  described.  The 

only  differences  pertain  to  protocol  —  synchronous  characters 
are  not  framed  by  start  and  stop  bits;  instead  a  stream  of  syn- 
chronous characters  is  preceded  by  SYNC  characters.  Also  SYNC  characters  are  in- 
serted into  the  data  stream  whenever  a  valid  character  is  not  ready  to  be  transmitted. 
But  beware  of  two  8251  synchronous,  serial  transmit  peculiarities: 

1 )  SYNC  characters  are  loaded  into  TB  via  TA.  If  you  output  a  command  while  a  SYNC 
character  is  being  loaded  into  TB.  you  will  finish  up  with  a  hybrid  character  that  is 
neither  SYNC  nor  Command  Coda 

2)  At  least  one  valid  data  character  must  be  transmitted  before  a  SYNC  character  can 
be  generated. 
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8251 
SERIAL 
RECEIVE  LOGIC 


RECEIVING  SERIAL  DATA 

Now  consider  receive  logic  signals. 

Serial  data  is  input  via  the  RxD  pin. 

Serial  data  is  strobed  in  by  the  RxC  input  clock  signal  which, 
like  the  TxC  clock  signal,  is  usually  not  derived  from  the 
microcomputer  system  clock.  The  low-to-high  transition  of  RxC  clocks  data  transfers. 

Receive  logic  uses  two  control  signals,  RxRDY  and  SYNDET 

Whenever  an  8-bit  data  unit  has  been  extracted  from  the  serial  input  data  stream,  Rx- 
RDY goes  high  to  inform  the  CPU  that  the  data  has  been  shifted  into  buffer  RA  and 
may  be  read.  If  the  CPU  does  not  read  the  contents  of  RA  before  the  next  byte  of  data  is 
assembled  in  RB,  then  an  overrun  error  will  occur  The  missed  data  byte  will  be  lost,  but 
an  overrun  error  will  be  reported  in  the  Status  register. 

Consider  synchronous  serial  data  input. 

When  the  8251  USART  is  receiving  synchronous  serial  data,  it  in- 
itially seeks  one  or  more  SYNC  characters  at  the  beginning  of  the 
data  stream  In  order  to  detect  SYNC  characters,  the  8251 
USART  must  be  in  Hunt  mode.  You  place  the  8251  USART  in 
Hunt  mode  by  outputting  an  appropriate  control  character  to  the  8251  USART.  In  the 
Hunt  mode,  the  eight  bits  of  RB  are  compared  with  the  SYNC  character  each  time  RB  is 
filled.  When  a  match  results,  the  USART  leaves  Hunt  mode  and  frames  incoming  bits  as 
8-bit  units.  When  two  SYNC  characters  are  used,  the  USART  leaves  Hunt  mode  only  if 
two  sequential  characters  loaded  into  RB  match  two  SYNC  characters. 

The  SYNDET  bidirectional  signal  operates  exactly  as  described  in  Volume  I, 
Chapter  5.  SYNDET  is  used  in  synchronous  mode  only.  In  synchronous  mode,  SYN- 
DET is  output  high  after  one  or  two  SYNC  characters  have  been  detected  ahead  of  a 
data  stream  Since  SYNC  characters  are  transmitted  whenever  there  are  gaps  in 
the  data  stream,  they  may  also  be  received  at  any  time  —  not  just  during  the 
beginning  of  transmission.  The  8251  USART  does  not  remove  SYNC  characters 
from  the  data  stream;  it  treats  them  as  data  bytes.  However,  SYNDET  is  output 
high  to  identify  SYNC  characters  so  that  they  may  be  discarded.  SYNDET  will  be 
reset  by  a  Status  Read. 

SYNDET  is  input  true  by  external  logic  when  external  synchronization  has  been 
selected: 


8251 

HUNT  MODE 
IN  SERIAL 
I/O 


Thus  by  using  SYNDET  as  an  input,  external  logic  can  identify  the  first  bit  of  the  first 
serial  data  stream  byte. 
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Now  consider  asynchronous  serial  data  input. 

Asynchronous    receive    timing    may    be    summarized    as 
follows: 


8251  SERIAL 

ASYNCHRONOUS 

RECEIVE 


A  =  Start  bit 

D  =  Data  bits 

P  =  Parity  bit 

0  =  Stop  bit 

Data  (T)  is  being  assembled  in  RB„  As  soon  as  the  data  byte  has  been  assembled,  it  is 
shifted  to  RA  and  RxRDY  is  set  true   © 

While  the  next  data  byte  is  being  assembled  in  RB  (3)  ,  the  CPU  must  execute  in- 
structions which  read  the  contents  of  RA  As  soon  as  RA  has  been  read,  RxRDY  is 
returned  false   ©  and  data   (T)   appears  on  the  Data  Bus  (f) 

Synchronous  serial  receive  timing  is  essentially  the  same 
as  asynchronous  receive  timing,  as  was  the  case  with 
transmit  logic.  Once  again,  the  only  differences  pertain  to  pro- 
tocol 


8251  SERIAL 

SYNCHRONOUS 

RECEIVE 


8251  MODEM 
CONTROL  LOGIC 


Modem  control  signals  are  absolutely  standard. 

The  8251    indicates  it  is  ready  using  DTR.  The  modem 
replies  when  it  is  ready  using  DSR. 

Once  the  USART  and  the  modem  are  both  ready,  individual  data  transmittal  se- 
quences are  initiated  by  the  USART  outputting  a  request  to  send  on  RTS  which 
must  be  acknowledged  by  the  data  set  via  CTS. 

But  there  are  some  anomalies  associated  with  8251  Modem  control  logic. 

You  output  DTR  using  an  appropriate  Control  code,  and  you  receive  back  DSR,  which  is 
reported  as  a  status;  we  will  describe  Control  codes  and  statuses  shortly,  it  is  up  to  your 
program  logic  to  make  sure  that  nothing  inappropriate  happens  until  DSR  is  input  low; 
8251  USART  logic  sets  a  Status  register  bit  to  reflect  DSR  —  and  that  is  all, 

CTS,  on  the  other  hand,  influences  8251  logic.  It  requires  a  low  CTS  input  for  8251 
transmit  logic  to  be  enabled 

8251  USART  CONTROL  CODES  AND  STATUS 

In  order  to  select  from  among  the  numerous  options  provided  by  the  8251  USART, 
there  is  the  equivalent  of  a  16-bit  Command  which  must  be  appropriately  filled 
with  two  Command  Codes.  There  is  also  an  8-bit  status,  maintained  in  a  read  only 
buffer.  As  we  illustrated  earlier,  a  single  control/status  address  accesses  status  when 
you  read  and  controls  whemyou  write 
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Since  two  Command  Codes  are  written  to  one  address,  the  two  codes  are  dis- 
tinguished by  referring  to  one  as  a  "Mode  Select",  and  the  other  as  a  "Control 
Select": 

16-bit  Command  Code 


When  the  8251  USART  is  first  powered  up,  or  after  it  is  reset  USART  logic  assumes  a 
Mode  Select  Command  Code.  If  the  Mode  Select  Command  specifies  synchronous 
mode,  the  8251  logic  expects  the  subsequent  command  input  to  be  the  SYNC 
character  —  or,  in  systems  with  two  SYNC  characters,  that  the  next  two  bytes  will  be 
SYNC1  and  SYNC2.  As  soon  as  a  Mode  Select  Command  Code  — and  SYNC  charac- 
ters, if  needed  —  has  been  received,  8251  USART  logic  switches  to  expecting  Control 
Select  Codes;  this  persists  until  the  8251  is  reset,  or  a  special  Control  Select  is  output 
forcing  the  choice  back  to  Mode  Select. 

In  terms  of  data  transfer  operations,  therefore,  the  CPU  will  transmit  Mode,  Command 
and  Data  bytes  as  follows: 


Synchronous 

Mode 
Data  Memory 

M 


Mode 


SYNC  1 


Start  of 
Message 


,  End  of 
Message 
return  to 
Mode  is 
optional 


Asynchronous 

Mode 
Data  Memory 


Mode 


If  two  independent  programs  control  a  single  USART,  the  situation  may  arise  in 
which  an  internal  reset  command  arrives  when  the  USART  expects  a  SYNC 
character.  The  command  would  be  accepted  as  a  SYIMC  character,  and  no  reset 
would  occur.  This  error  can  be  avoided  by  preceding  the  internal  reset  command 
word  with  three  all-zero  command  inputs  to  the  USART. 
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These  are  the  ways  in  which  a  data  byte,  output  as  a  mode 
(Control  byte  1)  will  be  interpreted  by  8251  logic.  First  there 
is  asynchronous  mode  control: 


8251  MODE 
CONTROL 
BYTE 
FORMAT 


00  Invalid 

01  Async  mode,  1x  Baud  rate  factor 

10  Async  mode,  16x  Baud  rate  factor 

1 1  Async  mode,  64x  Baud  rate  factor 

00  5  bits  per  character 

01  6  bits  per  character 

10  7  bits  per  character 

1 1  8  bits  per  character 

0  =  Parity  disable,  1  =  Parity  enable 
0  =Odd  parity,  1  =Even  parity 

00  Invalid 

01  1  stop  bit 

10  1  'A  stop  bits 

1 1  2  stop  bits 


Synchronous  mode  control  is  defined  thus: 


7    6    5    4    3    2     10- 


CD 


i\    il    J,'  M 


J3B 


~C 


-  Bit  No. 


-  Sync  mode 

(  00  5  bits  per  character 
'016  bits  per  character 
i  10  7  bits  per  character 
I  1 1   8  bits  per  character 

-  0  =  Parity  disable,  1  =  Parity  enable 
■  0  =Odd  parity,  1  ==Even  parity 

f  0  =SYNDET  output 
I   1  =  SYNDET  input 
[0=2  SYNC  characters 
I   1  =  1  SYNC  character 
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The  second  Control  Command  data  byte  will  be  interpreted  in  a  very  different  way. 
Whereas  the  Mode  Command  defines  the  operating  environment,  the  Control  Com- 
mand causes  instant  action,  as  follows: 


7     6    5    4    3    2    1     0-«#- 


1,1,1.1,1,1,1 


J  I    J  i    J  i    I  i,  I  i    J  I   j  i   i  i 


■  Bit  No. 

*  Second  Control  Command 

f  TxEN 

1  =  enable  transmission 
;  0  =  disable  transmission 
j  DTR 

\  high  =  DTR  output  is  forced  to  0 
'  RxE 

=  enable  RxRDY 
]  0  -  disable  RxRDY 

SBRK 
'  SEND  BREAK  CHARACTER 

1  =TxD  is  forced  high 
'  0  =  normal  operation 

ERROR  RESET 
t  1    =  resets  all  error  flags  in  Status  register  (PE,  OE,  FE) 
f  RTS 
(  high  =  RTS  output  is  forced  to  0 

l« 

INTERNAL  RESET 
[high  =  returns  8251  to  Mode  Instruction  Format 
(EH 
{  1  =  enter  Hunt  mode 

Let  us  look  at  the  various  Control  Command  bits.  See  Volume  I,  Chapter  5  for  a  dis- 
cussion of  what  individual  signals  do  in  serial  I/O  systems. 

Bit  0  is  the  transmit  enable  control  TxEN  Data  can  be-transmitted  only  while  TxEN  is 
high  Table  4-8  defines  the  operations  which  can  occur  depending  on  the  condition  of 
bit  TxEN  and  signals  TxE  and  TxRDY 

Control  Command  Bit  1  directly  sets  the  level  of  the  DTR  signal  output.  DTR  is  used  by 
data  communications  systems  that  are  operated  automatically  or  under  program  con- 
trol DTR  output  low  indicates  to  logic  beyond  the  microcomputer  system  that  the  8251 
is  ready  to  communicate  Notice  that  Bit  1  of  the  Control  Command  is  the  complement 
of  the  DTR  control  output  level 

Bit  2  of  the  Control  Command  enables  and  disables  the  receive  control  signal  RxRDY. 
Bit  2  does  not  enable  or  disable  receive  logic  Providing  receive  logic  is  otherwise 
enabled,  the  8251  will  receive  data  whether  or  not  RxRDY -has.- been  enabled.  If  RxRDY 
has  been  enabled  by  the  Control  Command,  then  it  will  indicate  the  condition  of  data 
being  received  — as  we  have  already  described 

Control  Command  Bit  3,  if  set  to  1,  will  immediately  interrupt  serial  data  output  and 
force  TxE  high   This  is  a  break  signal 

Control  Command  Bit  4  is  the  error  reset  bit  When  you  read  the,Status  register,  if  you 
find  any  of  the  Status  register  error  bits  are  true,  then  you  must  clear  the  error  status 
bits  by  outputting  a  Control  Command  with  1  in  Bit  4. 

Control  Command  Bit  5  is  the  complement  of  the  RTS  signal  output  RTS  is  used  by 
modem  handshaking  control  logic,  it  has  no  effect  whatsoever  on  the  serial  receive 
logic  of  the  8251  USART 
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Control  Command  Bit  6,  when  high,  causes  the  next  command  output  to  be  interpreted 
as  a  Mode  Select  and  not  a  Control  Command  Returning  from  a  sequence  of  Control 
Commands  to  a  Mode  Select  constitutes  a  Reset  operation  within  the  8251  USART. 

Control  Command  Bit  7  applies  to  synchronous  operation  only  When  high,  this  bit 
causes  the  8251  USART  to  enter  the  Hunt  mode  —  at  which  time  receive  logic  will  look 
for  SYNC  characters,  either  one  or  two,  as  specified  by  the  Mode  Select 

Frequently,  Control  Command  Bit  2  (RxE)  is  used  as  a  receive  enable  for  asynchronous 
operations  while  Control  Command  Bit  7  (EH)  is  used  as  a  synchronous  receive  enable. 
In  either  case,  remember  that  prior  data  in  buffers  RA  and  RB  are  not  cleared.  You 
should  therefore  discard  the  first  two  bytes  read  after  enabling  receive  logic  via 
Control  Command  bits  2  or  7. 

When  a  Control  Command  is  received  by  the  8251,  signals  are  set  or  reset  im- 
mediately as  specified  by  appropriate  Control  Command  bits,  and  flip  flops  are  set 
for  events  which  cannot  occur  immediately.  TxEIM,  DTR,  RxE,  SBRK  and  RTS 
cause  signals  to  be  set  or  reset  immediately.  ER,  EH  and  IR  cause  flags  to  be  set. 

The  ER  flag  remains  set  until  error  conditions  have  been  cleared  as  identified  by  the 
Status  register,  ER  is  then  automatically  reset  You  do  not  have  to  output  another  Con- 
trol Command  in  order  to  automatically  reset  ER 

The  IR  flag,  when  set,  causes  the  next  command  output  to  be  interpreted  as  a  mode 
control  The  IR  flag  remains  set  until  the  next  mode  control  is  output  at  which  time  the 
IR  flag  is  reset 

The  EH  flag,  when  set,  remains  set  until  one  or  two  SYNC  characters  have  been 
detected.  SYNC  is  then  reset. 

Table  4-8.  Transmit  Operations  As  A  Function  Of  TxE,  TxRDY.  And  TxEN 


TxEN 

TxE 

TxRDY 

OPERATION 

0 

X 

X 

Transmitter  is  disabled 

1 

0 

0 

TB  is  currently  transmitting  and  an  additional 
byte  is  in  TA,  ready  for  transmission. 

1 

0 

1 

Byte  is  shifting  from  TB  to  TxD   TA  is  available 
to  receive  a  new  byte  from  the  CPU. 

1 

1 

0 

TB  byte  has  been  transmitted   A  new  byte  is 
waiting  for  transmission   This  is  a  transient 
condition. 

1 

1 

1 

TA  and  TB  are  empty.  TxD  continues  to  mark  if 
8251  is  in  the  asynchronous  mode.  TxD  will  send 
Sync  pattern  if  8251  is  in  the  synchronous  mode. 
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When  status  is  read  from  the  8251,  the  status  byte  is  in- 
terpreted as  follows: 


8251 

STATUS 

FORMAT 


7654321     0- 

1,1,1, 1,1,1, 1,  l.h 


-  Bit  No. 
»  Status 


;i'  ii  Ji  Ji  ji  it  jii 
—A •  •  • 


>  > 

Q     Q 


*  Condition  of  named  signals 


[PE 

PARITY  ERROR 
{  Set  when  a  parity  error  is  detected. 
'OE 

I  OVERRUN  ERROR 

j  Set  when  RA  has  not  been  read  before  RB  is  filled  with  the  next 
f  character, 
i  FE 

I  FRAMING  ERROR  (Asynchronous  mode  only) 
|  Set  when  a  valid  stop  bit  is  not  detected  at  the  end  of  every 
[  character 
»  These  bits  are  reset  by  bit  4  (ER)  of  the  Command  instruction. 


The  parity,  overrun  and  framing  errors  simply  report  when  these  errors  occur.  8251 
logic  makes  no  attempt  to  correct  these  errors  in  any  way.  Corrections,  if  any,  are  the 
responsibility  of  the  program  monitoring  8251  execution. 

Similarly,  the  six  signal  condition  bits  merely  report  associated  signal  levels:  1  for  high, 
0  for  low. 

THE  NEC  aiPD379  SYNCHRONOUS 
RECEIVER/TRANSMITTER 

It  might  be  argued  that  many  of  the  problems  found  on  the  8251  USART  result 
from  an  attempt  to  combine  synchronous  and  asynchronous  serial  I/O  logic  on  a 
single  chip.  NEC  takes  a  different  approach,  providing  separate  devices  for  syn- 
chronous and  asynchronous  serial  I/O.  The  /uPD379  is  a  synchronous  serial  I/O 
device.  Although  the  /xPD379  has  been  designed  to  work  with  8080A 
microprocessors,  in  fact,  it  can  be  used  with  almost  any  microprocessor  described 
in  this  book. 

The  /xPD379  provides  standard  synchronous  I/O  protocol  and  Synchronous  Data 
Link  Control  (SDLC)  protocol. 

Table  4-9  summarizes  operating  characteristics  of  the  //PD379  as  compared  to  the 
8251  devices. 

The  /xPD379  is  packaged  as  a  42-pin  DIP;  it  uses  the  three  standard  8080A  power 
supplies:  VDD  =  +12V,  VCC  =  +5V  and  VBB  =  -5V. 

Figure  4-35  illustrates  that  part  of  general  microcomputer  system  logic  which  has 
been  implemented  on  the  yiiPD379. 
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Table  4-9.  A  Comparison  Of  8251/9551  And  /iPD379  Synchronous  Serial 
Data  Transfer  Capabilities 


FEATURE 

8251/9551 

MPD379 

Synchronous 

Yes 

Yes 

Asynchronous 

Yes 

No 

Bits  per  character 

5,  6,  7  and  8 

8  only 

Errors  detected 

Parity,  overrun 

Overrun,  underrun 

Synchronization 

Internal  or  External 

Internal  only 

SYNC  characters 

1  or  2 

1  only 

Baud  rate 

DC  to  56K  Baud 

DC  to  800K  Baud 

Clock  rate 

x1,  x16,  x64 

x1 

Protocols 

Standard  only 

Standard  or  SDLC 

Duplex 

Half  duplex  only 

Half  or  full  duplex 

Modern  Controls 

DSR,  DTR.  CTS,  RTS 

None 

Buffering 

Double 

Double 

A  /xPD379  DEVICE  OVERVIEW 

MPD379  design  philosophy  differs  markedly  from  that  of  the  8251.  The  /xPD379 
has  separate  8-bit  parallel  input  and  output  data  pins  whereas  the  8251  has  a  single  8- 
bit  bidirectional  parallel  data  port  The  /uPD379  has  no  Control  and  Status  registers; 
rather,  it  relies  on  input  and  output  signals  to  achieve  the  same  result 

The  /iPD379  has  both  advantages  and  disadvantages. 

Advantages  are  that  full  duplex  operation  is  possible  —  that  is  to  say,  transmit  and 
receive  logic  can  operate  simultaneously  Also,  control  inputs  may  be  created  con- 
tinuously and  status  may  be  sampled  continuously  by  logic  lying  between  the  CPU  and 
the  /xPD379- device;  external  logic  can  cope  with  status  and  controls  much  faster  than 
programming  steps  could  accomplish  the  same  task 

But  in  order  to  avail  yourself  of  ptPD379  high  speed  advantages  you  must  have  addi- 
tional logic  which  will  add  to  overall  system  cost.  Not  only  must  you  have  two  sets  of 
connections  from  I/O  ports  to  the  system  Data  Bus,  you  may  also  need  logic  to  create 
appropriate  control  signals  and  hold  status  outputs. 

/xPD379  PINS  AND  SIGNALS 

)uPD379  pins  and  signals  are  illustrated  in  Figure  437.  We  will  examine  signals 
while  discussing  operating  modes  of  the  yuPD379. 

Table  4-10  summarizes  signal  conditions  when  the  //PD379  device  is  not  selected 
(CS  high)  and  following  receive  logic  reset  (RR  low).  Table  4-10  also  summarizes 
set  and  reset  conditions  for  signals,  where  relevant. 

To  the  programmer  the  /xPD379  device  will  appear  to  be  four  separately  addressa- 
ble I/O  ports  or  memory  locations.  These  locations  are  accessed  via  the  chip 
select  (CS)  and  mode  select  signals  (MS1,  MS2)  as  follows: 


— — — — i 

» 

CHIP 
SELECT 
LOGIC 

A2 

A15 

MS2 
MSI 
CS 
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1 

42 

VDD 
CS 

► 

2 

3 

41 
40 

-* MRL 

RR 

DRR 

RC 

»» 

^- 

4 
5 
6 
7 
8 
9 

39 
38 

—  MR1 

—  MS2 

RI 

CFR 

ABTR 

m» 

37 
36 
35 

—  TCBL 

34 

SYNR/IDLR 
RD7 

-^ 

-^ 

10 

1 1            MPD379 

33 
32 

«« 

-^ 

—  TD7 

—  TD6 

RD6 
RD5 
RD4 
RD3 

««*. 

-^ 

12 

13 
14 
15 

31 
30 
29 
28 

-* 

-**■ 

~«« 

—  TD5 

—  TD4 

—  TD3 

—  TD2 

RD2 
RD1 
RDO 

-*i 

-^ 

16 
17 
18 

27 
26 
25 

—  TD1 

-  TDO 
-TO 

DR 
OE 

19 

24 

►  SYNT/ABTT 

VBB 

21 

22 

PIN  NAME 

DESCRIPTION 

TYPE 

RDO  -  RD7 

Parallel  Data  Out 

Output 

TDO  -  TD7 

Parallel  Data  In 

Input 

RR 

Receive  Logic  Reset 

Input 

cs 

Chip  Select 

Input 

MS1,  MS2 

Mode  Select 

Input 

MRL 

Mode  Select  input  strobe 

Input 

TO 

Serial  data  output 

Output 

TC 

Transmitter  clock 

Input 

TCBE 

Transmitter  character  buffer 

empty 

Output 

SYNTf 
ABTTJ 

(<S) 
1(D) 

A  SYNC  character  is 

being  output 

[■    Output 

An  abort  pattern  is  being  output 

SNTRI 
CFT     ( 

f(S) 
1(D) 

Reset  SYNT 

r    Input 

Reset  TCBE  and  transmit  closing  flag 

TCBL 

Strobe  for  all  data  input  via  TDO  -  TD7       Input 

Rl 

Serial  data  input 

Input 

RC 

Receiver  clock 

Input 

DR 

Receiver  buffer  full 

Output 

DRR 

Reset  DR 

Input 

CFR 

(D) 

Closing  flag  received 

Output 

ABTR 

(D) 

Abort  pattern  received 

Output 

SYNR) 
IDLR    f 

j(S) 
1(D) 

SYNC  character  received 

r     Output 

die  pattern  received 

OE 

Overrun  error 

Output 

SYNC) 
ZIP      f 

J(S) 
1(D) 

SYNC  character  input  via  TDO  -  TD7 

J"     Input 

Prohibit  zero  insertion 

pattern 

vcc-VBB-v 

DD'GND 

Power  and  Ground 

(S)  Simple  synchronous  mode  interpretation 
(D)  SDLC  mode  interpretation 

Figure  4-37,  /xPD379  Synchronous  Serial  Communications  interface 
Signals  And  Pin  Assignments 
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The  mode  select  inputs  MS1  and  MS2  are  latched  on  the  rising  edge  of  signal  MRL; 
MRL  therefore  acts  as  an  address  input  strobe.  You  may  connect  MRL  to  the  SYNC 
timing  signal  output  by  the  8080A  or  the  STSTB  status  strobe  signal  output  by  the 
8224  Clock  Generator  Driver  device.  Since  SYNC  is  positive  true,  it  must  be  inverted  in 
order  to  create  MRL 

Alternatively,  you  can  connect  MS1  and  MS2  to  Data  Bus  lines;  MRL  is  then  gener- 
ated from  the  write  strobe  signal  WR.  CS  must  stil!  be  decoded  from  the  Address 
Bus 


In  standard  synchronous  mode  the  //PD379  operates  in  a  manner 
akin  to  the  8251. 

In  SDLC  mode  the  yuPD379  conforms  to  SDLC  protocol. 

In  Closed  mode  no  serial  input  or  output  is  taking  place. 

MS1  and  MS2  define  modes  as  follows: 


MPD379 
MODES 


MODE 

MS1 

MS2 

Closed 

0 

0  or  1 

Standard 

1 

0 

SDLC 

1 

1 

(jlPD379  MODE 
SPECIFICATION 


You  must  move  between  Standard  and  SDLC  via  the  Closed  mode  Never  attempt  to 
switch  directly  between  Standard  and  SDLC  modes.  This  may  be  illustrated  as  follows: 


Standard 
Mode 

Closed 
Mode 

SDLC 
Mode 

You  cannot  be  operating  simultaneously  in  Standard  and  SDLC  modes.  For  example, 
the  //PD379  device  will  operate  in  full  duplex  mode;  that  is  to  say,  you  can 
simultaneously  transmit  and  receive  serial  data.  But  the  data  being  transmitted  and 
received  must  both  be  subject  to  Standard  synchronous  protocol,  or  to  SDLC  protocol. 
One  cannot  be  subject  to  Standard  protocol  while  the  other  is  subject  to  SDLC  protocol, 

CLOSED  MODE 

Closed  mode  and  mode  select  logic  are  illustrated  in  Figure  4-38. 

Before  beginning  operation  in  either  Standard  or  SDLC  mode  you  must  enter 
Closed  mode. 


MPD379 

SYNC 

CHARACTER 


Prior  to  operating  in  Standard  synchronous  mode  you  must 
specify  the  SYNC  character  which  will_be  used  for  all  synchroniza- 
tion operations.  You  use  the  SYNC/ZIP  signal  in  order  to  specify 
the  SYNC  character-  If  this  signal  is  high  when  you  select  Closed 
mode  then  the  Japanese  industrial  standard  16-\q  (ASCII  SYN  code)  is  assumed  to  be 
the  SYNC  character.  If  this  signal  is  low  when  you  select  the  Closed  mode,  then  the 
SYNC  character  is  strobed  in  by  ICBL  on  the  parallel  data  input  pins  TDO  -  TD7,  These 
two  cases  may  be  illustrated  as  follows,  first  specification  of  ^^■\Q  as  the  SYNC 
character: 


CO 


|tr°E 

°  <   §  I 

O     „     «  2 

9.  Z  o  c 

5ffl--g   5  s 

o    5    cl   o  - 

,_,  -S  ^  ice  & 

|h-   lO    >     |t/>  LL 


— ■ -  —    o 


o    o  (n    o    c  ____  ot 


nc 

cc 

ji 

ir 

c 

tj 

nc 

Q 

a 

O 

o 

m 

Q 

T3 

O 

o 

CO 

o 

to 

O 

o 

o 

n 

TJ 

c» 

O) 

SI 

at 

O) 

3 

o 

0> 

c. 

c 

CC 

rr 

cc 

EC 

Q 

CC 

O 

DC 

cc 

Q    CO 


CD   J5    ■£ 


<    (/>    5    O 


TJ     TJ    TJ     TJ    TJ     TJ 


O      O      O      CJ      U 


CD      (D      ©      <U 


C      C<     C      C      C      C 

3    3    3    3    3    3 


TJ  TJ  TJ  TJ  TJ  TJ  TJ 

CD  (D  CD  CD  CD  <D  CD 

O  O  O  O  t>  O  O 

ID  ID  n  (I  D  0)  01 

3=  3=  t  5=  3=  £  5= 

CO  CO  CO  CD  CO  CO  A3 

C  C  C  E  C  C  C 

3  3  3  3  3  3  3 


o   o   o   o   o 


£  fc      =5    * 


2|« 
5I0 


"S  o  "2  o  o    c 

J2  o  J  c  o    t 

n  gz  J3  Jfc  it  ■ '" 

«  2  «  g  2   H 

b  3  b  3  3  x 


TJ     TJ  TJ     T3     TJ 

'r    '        J3    a    II    t    t    ']! 
Xlbb'Q33± 


g)     cu    a>     a? 


TJ  TJ  TJ  TJ  TJ 

UJ  CD  CD  CU  0) 

-n    o.  a  a  a  a 

H  ..i  .i  ..i  §  .1 

id   r  r  £  r  r 

w     ro  D)  01  O)  O) 

b  x  x  1  x  if 


DOlDClW^OUO 

ci-lir:lu55i-i-i- 


-    1DL  |__J 

\z  II  p  ~ 
.  to  p  h  cc 


ice  o-  1-  2   cc 

DC    u.     CQ    >-     -J     UJ 

lo  o  <  w  9  o 
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Here  is  timing  to  specify  any  other  SYNC  character: 
mso     A 


MS1 


A 
A 


SYNC  character 


SYNC 

Character 

from  TDO  -  TD7 


If  you  create  MSO  and  MS1  from  Address  Bus  lines,  consider  creating  the  SYNC  input, 
from  another  Address  Bus  line.  By  way  of  illustration  here  is  one  possibility: 


cs  LOW 
CREATED  BY 
1110000000000 
ON  A15-  A3 


-  AO 

-  A1 

-  A2 
-A3 

-  A15 

-MSI 
-MS2 

•  SYNC/ZF 


-CS 


The  illustration  above  arbitrarily  assumes  that  A15  -  A3  creates  CS  low  for  the  signal 
pattern  1 1 10000000000.  For  this  arbitrary  case  the  /uPD379  will  be  accessed  by  these 
addresses: 


15  14  13  12.11  10  98765432     1 

com 


o|o|o|o|o|o|o|o 


ox 


Ji  li 


X   XI 


-MS1- 
-MS2 
-SYNC/ZP 
-CS 
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SDLC 
TRANSMIT 


SET  RR  =  "H" 


CD 


EXTERNAL  OPERATION 
TO  /iPD379 

INDICATION  OF 
OUTPUT  PINS 


Figure  4*38.   Initialization  And  Mode  Select  Operation  Flow  Chart 
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Memory  addresses  will  be  interpreted  as  follows: 

Memory 

Address  Interpretation 

E000       Closed  mode,  SYNC  character  being  output  as  data  on 

the  Data  Bus. 
E001       Standard  mode,  parallel  data  may  be  written  to,  or 

read  from  this  address. 
E002       Same  as  E000 

E003       SDLC  mode  with  Zero  insert  prohibited;  parallel  data  may  be 

written  to,  or  read  from  this  address. 
E004       Closed  mode,  16-j  5  specified  as  SYNC  character.  Ignore 

the  Data  Bus. 
E005  Same  as  E001 
E006  Same  as  E004 
E007       SDLC  mode  with  Zero  insert  enabled;  parallel  data  may  be 

written  to,  or  read  from  this  address. 

These  interpretations  will  become  effective  when  mode  is  strobed  in  by  MRL  high  and 
the  SYNC  character  is  strobed  in  by  TCBL 

The  SYNC  character  is  used  by  standard  synchronous  serial  I/O  protocol  as  described  in 
Volume  I,  Chapter  5;  that  is  to  say  the  SYNC  character  is  used  to  synchronize  the  start 
of  a  new  serial  data  input  stream;  it  is  also  used  as  a  filler  character  when  no  valid 
character  is  available  to  transmit. 

The  SYNC  character  has  no  meaning,  and  is  not  used  in  SDLC  protocol. 

There  are  some  important  points  you  should  note  regarding  the  way  in  which  the 
^PD379  handles  the  SYNC  characters  when  operating  under  standard  synchronous 
protocol.  From  the  discussion  in  Chapter  5  of  Volume  I,  recall  that  either  one  or  two 
SYNC  characters  may  precede  a  new  serial  data  stream.  This  is  an  option  which  you 
can  select  under  program  control  when  using  the  8251  USART. 

When  using  the  //PD379,  the  number  of  SYNC  characters  preceding  a  new  serial 
data  stream  is  not  a  programmable  option;  rather,  separate  control  signals  are  used 
to  identify  a  SYNC  character  being  transmitted  (SYNT)  and  a  SYNC  character  having 
been  received  (SYNR).  It  is  up  to  the  CPU,  or  logic  external  to  the  //PD379,  to  force  the 
transmission  of  two  SYNC  characters,  and  to  require  the  receipt  of  two  SYNC  charac- 
ters if  that  is  the  option  you  must  have. 

DATA  BUFFERING 

The  /^PD379  like  the  8251  has  a  single  buffer  register  for  transmit  and  receive 
logic.  This  may  be  illustrated  as  follows: 


1__L 


i_L 


Transmit  Buffer 
Register 
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START  SYNC 
CHARACTER 
TRANSMIT 


NOTES: 

*  1)  This  is  not  necessarily  needed, 
but  if  the  rising  edge  of  SYNT 
is  used  for  detection  of  underrun 
externally,  SYNT  should  be 
reset  here.. 
(*2)  Underrun  occurs  if 

TCBE  =  "H"  or  TCBL  is  still  low 
at  the  middle  of  the  last  bit. 


Figure  4-39.  Standard  Synchronous  Transmission  Operations  Flow  Chart 
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Thus  as  described  for  the  8251  USART,  you  have  the  time  it  takes  to  transmit  or  receive 
a  single  character  during  which  you  must  write  or  read  the  next  character 

TRANSMITTING  AND  RECEIVING  SERIAL  DATA  UNDER 
STANDARD  SYNCHRONOUS  PROTOCOL 

Let  us  now  look  at  the  signals  used  by  the  mPD379  when  transmitting  and  receiv- 
ing data  using  standard  synchronous  protocol. 

First  consider  data  transmission.  Operations  are  illustrated  in  Figure  4-39. 

Initially  you  will  identify  either  the  standard  Japanese  SYNC 
character  06-]  q)  or  you  will  provide  some  other  SYNC  character; 
this  specification  is  made  in  Closed  mode,  as  already  described. 

Next  you  select  standard  synchronous  protocol  via  the  MS1 
and  MS2  signals.  These  signals  must  have  valid  levels  while  MRL  makes  a  low-to-high 
transition.  The  sequence  of  going  from  Closed  mode  to  Standard  synchronous  mode 
may  be  illustrated  as  follows: 


MPD379 

STANDARD 

TRANSMIT 


Since  serial  and  parallel  data  are  transmitted  and  received  via  separate  and  distinct 
pins,  you  do  not  have  to  specify  whether  a  transmit  or  receive  operation  is  going 
to  occur;  in  fact  both  can  occur  simultaneously. 

Once  standard  synchronous  protocol  has  been  selected,  subsequent  operations  are 
quite  elementary  First,  you  must  output  parallel  data.  You  do  this  by  writing  to  the 
memory  location  or  I/O  port  address  which  correspnds  to  the  //PD379  device  operating 
in  Standard  synchronous  mode.  Timing  may  be  illustrated  as  follows: 


4-94 


The  data  input  pins  TDO  -  TD7  will  be  connected  directly  to  the  Data  Bus, 

TCBE  is  a  control  signal  outpt  by  the  ^PD379  device  to  indicate  that  the  transmit  buffer 
is  empty  —  therefore  the  CPU  should  write  parallel  data  for  transmittal.  How  you  use 
the  TCBE  output  is  up  to  you,  but  observe  that  it  will  go  high  as  soon  as  Standard  syn- 
chronous mode  has  been  established.  TCBE  high  could  be  used  to  create  an  interrupt 
request  or  it  could  be  trapped  in  a  buffer,  whence  the  CPU  could  read  it  as  status.  TCBE 
will  subsequently  be  reset  by  a  lowTCBL  pulse.  TCBL  may  be  connected  directly  to  the 
memory  or  I/O  write  control  signal  (MEMW  or  l/OW)  output  by  the  8228  System  Con- 
troller. 

As  soon  as  Standard  synchronous  mode  has  been  selected,  the  //PD379  device  will 
output  a  single  synchronous  character,  identified  by  SYNT  high.  In  order  to  reset 
SYNT  you  must  pulse  SNTR  low.  if  you  wish  to  output  two  SYNC  characters,  then  you 
may  use  the  SYNT  high  pulse  as  a  signal  to  output  another  SYNC  character,  as  though 
it  were  data,  before  resetting  SYNT  with  a  low  SNTR  pulse 

If  you  are  outputting  two  SYNC  characters  at  the  head  of  a  serial  data  stream,  then  you 
can  write  the  second  SYNC  character  as  parallel  data  while  the  first  SYNC  character  is 
being  output,  If  you  are  using  a  single  SYNC  character  at  the  head  of  your  serial  data 
stream,  then,  while  this  SYNC  character  is  being  output  you  must  write  out  the  first 
data  character  to  the  /xPD379  device.  If  you  are  using  two  SYNC  characters,  then  you 
must  write  the  first  data  character  while  the  second  SYNC  character  is  being  output 
Once  the  parallel  data  character  has  been  written  to  the  /xPD379  device  it  will  be  out- 
put serially,  least  significant  bits  first.  TCBE  identifies  those  time  intervals  during  which 
the  Transmit  Character  Buffer  is  empty  and  may  be  written  into.  TCBE  is  therefore 
equivalent  to  the  TxRDY  signal  of  the  8251  USART.  Timing  may  be  illustrated  as 
follows 


SYNC  character 
entered  in 
Closed  mode 


Output  SYNC 
character 


Output 
data 
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So  long  as  there  is  a  valid  data  character  waiting  to  be  transmitted,  serial  data  transmis- 
sion will  proceed  as  illustrated  above  If  at  any  time  a  valid  character  is  not  ready  to 
transmit  then  the  /iPD379  device  will  insert  a  SYNC  character.  When  a  SYNC 
character  is  inserted  in  the  middle  of  a  serial  data  stream,  then  the  SYNT  signal  is 
pulsed  high,  SNTR  does  not  have  to  be  pulsed  low  in  order  to  reset  SYNT<in  the  middle 
of  a  transmit  stream  SYNT  remains  high  only  for  the'duration  of  the  SYNC  character 
being  output  in  the  middle  of  serial  data  transmission.  ^ 

Let  us  now  consider  signals  which  accompany  serial  data  fiP®&?9 

being  received  using  standard  synchronous  protocol.  Figure  STANDARD 

4-40  illustrates  operations.  RECEIVE 


Initially,  you  must  specify  the  nature  of  the  SYNC  character. 
This  is  done  in  Closed  mode,  as  we  have  already  described. 

Once  the  SYNC  character  has  been  specified,  you  select  standard  synchronous  protocol 
using  the  MS1  and  MS2  inputs  in  exactly  the  same  way  as  described  for  standard  syn- 
chronous transmit  logic.  When  beginning  a  receive  operation,  however,  you  must  also 
reset  the  receive  logic  by  inputting  RR  low  to  the  ptPD379  device.  Timing  may  be  illustr- 
ated as  follows: 


\JUf 


Standard 
mode  with 
receive  reset 


You  are  now  ready  to  start  receiving  serial  data.  First  receive  logic  must  detect  one 
or  two  SYNC  characters,  As  soon  as  the  first  SYNC  character  has  been  detected  SYNR 
will  go  high 


4-96 


1 


START  SYNC 
CHAR.  SEARCH 


NO  ^X^SYNC 

rawt.  DETECTED^ 


START  2ND 
CHAR.  RECEIVE 


TRANSFER  RECEIVED 
CHAR.  TO  RECEIVER 
BUFFER  REGISTER 
(RD0--RD7) 


START  NEXT 
CHAR.  RECEIVE 


I 


I 7 

I       DR  .=  "H"  / 

1/       SYNR="H"       / 

IF  THE  LAST  RECEIVED 
CHARACTER  IS  NOT  SAME  AS 
I  SYNC  CHARACTER  PATTERN 


NO  ^HHAS  CPU 

^READ  THE  LAST^ 
CHAR 


I  PROVIDE 
NEGATIVE  STROBE 
PULSE  TO  DRR 


f    /      SYNR  -  'L'         / 

IF  THE  LAST  RECEIVED 
CHARACTER  IS  SAME  AS  SYNC 
^CHARACTER  PATTERN. 


T i    DR="L"    / 

ND^N.  I  / 


TRANSFER  RECEIVED 
CHAR   TO  RECEIVER 
BUFFER  REGISTER 
(RDO  -  RD7) 


T7. 


]■■ 


I 


OE  =  "H*" 


J 


Figure  4-40.   Standard  Synchronous  Receiving  Operations  Flowchart 
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SYNR  will  remain  high  until  the  first  non-SYNC  character  has  been  detected.  This  may 
be  illustrated  as  follows: 


Standard 
Mode  with 
receive  reset 


SYNC 

character 
received 


Second  SYNC       Parallel 
character  data 

treated  as  data    out 


As  soon  as  a  single  SYNC  character  has  been  accepted,  the  DR  and  DRR  signals 
become  active.  At  the  conclusion  of  each  character  assembled,  whether  it  be  a  SYNC 
character  or  not,  DR  goes  high  DR  will  remain  high  until  reset  by  a  low  DRR  pulse.  You 
will  normally  use  DR  as  a  signal  to  the  CPU  indicating  that  another  byte  of  data  must  be 
read  from  the  /xPD379  device  Thus,  DR  is  equivalent  to  the  RxRDY  signal  of  the  8251 
USART  DRR  will  typically  be  connected  to  the  memory  read  control  signal  (MEMR)  out- 
put by  the  8228  System  Controller  Thus,  the  process  of  reading  parallel  data  from  the 
/LtPD379  device  will  automatically  reset  DR 

An  overrun  error  will  occur  if  the  CPU  has  not  read  parallel  data  from  the  Receive 
Data  Buffer  before  the  next  parallel  data  byte  has  been  assembled  and  is  transmit- 
ted to  the  Receive  Data  Buffer.  Within  the  /xPD379  device  this  condition  is  identified 
by  DR  still  being  high  when  the  next  byte  of  data  is  transmitted  to  the  Receive  Data 
Buffer  If  this  situation  occurs,  then  the  overflow  error  signal  OE  will  go  high  and  data 
will  be  lost 

OE  remains  high  until  the  next  byte  of  data  is  transmitted  to  the  Receive  Data  Buffer 
while  DR  is  low 

Whenever  a  SYNC  character  is  received,  either  at  the  head  of  the  serial  data  stream  or 
in  the  middle  of  a  serial  data  stream,  SYNR  remains  high  from  the  conclusion  of  the 
SYNC  character  to  the  conclusion  of  the  next  non-SYNC  character.  No  signal  is  re- 
quired to  reset  SYNR, 

Table  4-10  summarizes  the  conditions  which  set  and  reset  control  signals  associated 
with  standard  synchronous  protocol 
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NRZI 

SERIAL  DATA 


SERIAL  DATA 

SDLC  protocol  demands  that  all  serial  data  is  transmitted  and 
received  using  "Non-Return  to  Zero  Inverted"  (NRZI)  format. 

The  //.PD379  does  not  use  NRZI  serial  data. 

NRZI  specifies  that  serial  data  signal  "change  of  state"  or  "same  state",  occurring 
across  single  bit  time  intervals,  define  0  bits  and  1  bits,  respectively  A  0  bit  may  be  il- 
lustrated as  follows: 


digit  n 
sample 
point 


digit  n  +  1 

sample 

point 


A  1  bit  may  be  illustrated  as  follows: 


digit  n 
sample 


digit  n  +  1 
sample 


TRANSMITTING  AND  RECEIVING  DATA  UNDER 
SDLC  PROTOCOL  „____ 

Since  SDLC  protocol  has  not  been  described  in  Volume  I,  SDLC 
"Basic  Concepts",  we  will  begin  our  discussion  of  /iPD379  PROTOCOL 
SDLC  operation  with  some  basic  information  on  SDLC  pro-  '  ■ 
tocol  itself.  This  discussion  of  SDLC  is  by  no  means  a  complete  definition  of  SDLC 
protocol;  however  it  does  provide  sufficient  background  to  understand  the  opera- 
tion of  the  /*PD379  device. 

The  serial  bit  stream  01 101001  would  become  the  following  serial  signal: 


The  /xPD379  outputs  a  high  signal  for  a  1  bit  and  a  low  signal  for  a  0  bit.  Thus 
01101001  would  become  the  following  serial  signal,  as  output  by  the  /iPD379: 


■ft! 


"    I 


>Hl 


!    n 


Ti 
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In  between  transmission  of  valid  data,  but  while  the  data  link  is 
not  idle,  a  flag  pattern  (7Eig)  is  transmitted  repeatedly. 

Whenever  five  consecutive  1  bits  appear  in  a  single  data 
character,  a  0  bit  is  inserted  following  the  fifth  1  bit  Thus,  BF-jg 
would  become  the  following  serial  bit  stream: 


SDLC  FLAG 


SDLC  ZERO 
INSERTION 


This  is  referred  to  as  Zero  insertion;  it  may  be  suppressed  under  program  control.  If  Zero 
insertion  is  provided,  then  transmitting  logic  will  create  a  dummy  0  bit  whenever  five 
consecutive  1  bits  appear  in  a  data  stream,  within  a  single  8-bit  character.  The  receiv- 
ing device  must  strip  this  synchronization  pattern  from  data  being  received. 

If  an  underflow  occurs,  that  is,  a  valid  data  character  is  not  ready  to  be  transmitted 
when  transmit  logic  requires  one,  then  an  abort  pattern  (FF-jq)  is  output  The  abort  is 
followed  by  an  output  of  flag  patterns  (7E-|g)  which  terminate  when  the  next  valid 
character  is  ready  to  be  transmitted 

When  no  data  is  being  transmitted,  an  idle  pattern  is  output  The  idle  pattern  consists 
of  15  successive  1  bits  This  may  be  likened  to  Marking  in  standard  synchronous  I/O 
protocol 

In  order  to  avoid  an  abort,  you  may  output  a  flag  pattern  (7E-J q)  when  no  valid  data  is 
available  for  transmission  The  flag  pattern  will  also  be  transmitted  at  the  end  of  a  valid 
data  stream.  The  term  Closing  Flag  is  used  to  describe  the  use  of  the  flag  pattern  as  a 
filler  or  terminator  in  a  serial  data  stream 

Serial  data  bits  are  transmitted  and  clocked  under  SDLC  protocol  exactly  as  described 
in  Volume  I,  Chapter  5  for  standard  synchronous  protocol 

Let  us  now  consider  serial  data  transmission  under  SDLC  pro- 
tocol. Figure  4-41  illustrates  operations  involved. 

You  must  enter  SDLC  mode  from  Closed  mode  either  to 
transmit  or  receive  serial  data.  The  mode  select  sequence  may  be 
illustrated  for  entry  into  SDLC  mode: 


/xPD379 

SDLC 

TRANSMIT 


Closed 
Mode 
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DATA  CHARACTER 
NOT  LOADED 
(UNDERRUN) 
(M) 


(*1)Underrun  due  to  data  character 
not  having  been  loaded. 


ABTT  =  "L" 


1 
1 


PREVIOUS  ZIP  IS 
MADE  INEFFECTIVE 


•-/      TCBE="L"         / 


FLAG  PATTERN  TRANSMIT 


DATA  CHARACTER  TRANSMIT 


Figure  4-41.  SDLC  Transmit  Operations  Flow  Chart 
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NO  ZEROHNSERTION 


31 


START  DATA  CHAR, 
TRANSMIT 


ZERO-INSERTION 


START  ABORT 

PATTERN 

TRANSMIT 


START  DATA  CHAR. 
TRANSMIT 


/      ABTT  ="'H"       / 
2)ry      TCBE-»L»       / 


PREVIOUS  ZIP  IS 
MADE  INEFFECTIVE 


Figure  4-41    SDLC  Transmit  Operations  Flow  Chart  (Continued) 
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As  soon  as  SDLC  mode  has  been  entered,  the  /xPD379  device  will  start  transmit- 
ting flag  patterns.  TCBE  will  go  high  since  the  Transmit  Character  Buffer  is  empty.  You 
output  parallel  data  by  writing  to  the  /xPD379  device  as  described  for  standard  syn- 
chronous protocol   Parallel  data  is  output  while  a  flag  pattern  is  being  transmitted 

as  follows: 


mrl 


I  data1  l c 


£f 


VJ" 


TCBE  is  an  output  signal  which  you  may  use  in  any  way  to  trigger  transmittal  of  parallel 
data  to  the  /xPD379  device.  TCBE  high  may  generate  an  interrupt  request,  or  TCBE  may 
terminate  at  some  external  buffer  whence  it  is  read  as  status  by  the  CPU 


TCBL  will  frequently  be  tied  to  the  write  control  strobe  MEMW  or  l/OW. 

If  Zero  insertion  has  been  prohibited,  then  the  6-bit  synchronizing  pattern  will  not  be 
transmitted.  Zero  insertion  is  prohibited  by  a  low  input  via  the  ZIP  signal.  Zero  inser- 
tion will  be  prohibited  beginning  with  the  character  following  that  within  which  the  ZIP 
low  pulse  occurs.  Zero  insertions  will  be  suppressed  until  the  next  Closing  Flag  or  abort 
pattern  is  transmitted. 

If  a  valid  data  byte  will  not  be  ready  for  transmission  when  needed  by  transmit 
logic,  CFT  must  be  input  low  to  the  /^PD379  device  in  advance  of  the  absent 
parallel  data.  You  must  also  input  a  low  CFT  signal  while  transmitting  the  last  data 
character  of  any  valid  data  stream.  The  CFT  low  pulse  causes  flag  patterns  to  be  output 
upon  termination  of  the  currently  transmitted  character 

If  CFT  has  not  been  input  low  to  the  ^PD379  device  and  parallel  data  is  not  ready 
for  transmittal,  then  TCBE  will  be  high  at  the  conclusion  of  the  current  data 
character's  transmission.  At  this  time  an  Abort  pattern  will  be  output  via  TO 
together  with  a  high  signal  output  via  the  ABTT  line.  The  Abort  pattern  will  be 
followed  by  a  sequence  of  flag  patterns 
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Now  let  us  examine  serial  data  being  received  under  SDLC  ^tPD379 

protocol.   Figure   4-42   illustrates   operations   performed.   In-  SDLC 

itialization  of  receive  logic  closely  foHows  standard  synchronous  RECEIVE 

protocol   which   we   have   already  described.    You   must  enter 

Closed  mode  and  then  select  SDLC;  and  using  RR  you  must  reset  receive  logic 

Timing  may  be  illustrated  as  follows: 


Receive  logic  will  now  start  searching  the  input  stream  for  a  flag  pattern  (7Eiq).  The 
flag  pattern  will  not  have  the  6-bit  Zero  insertion  synchronization  code  associated  with 
it.  This  is  how  the  //PD379  knows  it  is  a  flag  As  soon  as  a  flag  pattern  has  been 
detected,  receive  logic  will  start  to  assemble  data  bytes,  stripping  out  the  Zero  in- 
sertion synchronization  pattern,  if  present.  As  soon  as  a  data  character  has  been 
assembled  and  is  in  the  Receive  Data  Buffer,  DR  goes  high.  DR  remains  high  until 
reset  by  DRR.  As  described  for  standard  synchronous  receive  logic,  you  will  normally 
tie  the  read  control  strobe  MEMR  or  l/OR  to  DRR  in  order  to  reset  DR.  Timing  may  be  il- 
lustrated as  follows: 


^ r 


_/ 


\r\ 


\  flag7e-  t  t 


If  data  in  the  Receive  Data  Buffer  is  not  read  before  the  next  parallel  byte  is 
loaded  into  the  Receive  Data  Buffer,  then  an  overflow  error  occurs.  The  overflow 
error  is  identified  by  the  OE-signal  being  output  high.  The  OE  signal  remains  high  until 
the  Receive  Data  Buffer  contents  are  read;  the  falling  edge  of  DRR  resets  OE  as  well  as 
DR. 
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£ 


START  FLAG 
PATTERN  SEARCH 


Only  the  Data  Characters  are  available  on  RDO  -  RD7. 
Once  transferred  to  Receiver  Buffer  Register, 
Data  Character  is  valid  on  RDO  -  RD7  until  it  is 
overridden  by  next  one  transferred  there. 


/EE7-L 


/":""/• 


Figure  4-42.  SDLC  Receive  Operations  Flow  Chart 
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The  /^PD379  device  uses  control  outputs  to  identify  special  characters  and  conditions 
detected  in  the  serial  input  stream  An  idle  condition,  identified  by  1 5  consecutive  1 
bits,  causes  IDLR  to  go  high.  IDLR  is  reset  on  the  rising  edge  of  DR  when  data  is  sub- 
sequently read  or  on  the  rising  edge  of  OE  if  an  overrun  error  occurs. 

If  an  Abort  pattern  (FF-jg)  is  received  then  ABTR  is  output  high.  ABTR  is  reset  on 
the  rising  edge  of  DR  or  OE. 

When  a  valid  closing  flag  (7Eie)  is  received  CFR  goes  high.  CFR  is  reset  on  the  ris- 
ing edge  of  DR  or  OE, 


THE  //  PD369  UNIVERSAL  ASYNCHRONOUS 
RECEIVER/TRANSMITTER 


The  /XPD369  Universal  Asynchronous  Receiver/Transmitter  is  UART 

the  second  of  two  serial  I/O  devices  manufactured  by  NEC  in  1602 

support  of  the  8080A  (or  any  other  microprocessor).  It  is  a  INDUSTRY 

functional  equivalent  of  the  industry  standard   1602  UART  STANDARD 

from   Western    Digital.    The   only    difference    is   the   42-pin        *■ 

package  which  allows  the  standard  8080A  power  supplies  to  be  used. 

Capabilities  of  the  /iPD369  are  very  similar  to  asynchronous  operation  of  the 
8251 ;  therefore  the  discussion  of  the  /,tPD369  device  which  follows  concentrates 
on  differences  between  the  8251  and  the  /xPD369.  For  a  discussion  of 
asynchronous  serial  I/O,  see  Volume  I,  Chapter  5,  For  a  discussion  of  asynchronous 
serial  I/O  operations  within  an  8080  microcomputer  system,  see  the  preceding  descrip- 
tion of  the  8251  USART. 

There  are  three  major  differences  between  operating  capabilities  of  the  mPD369 
and  the  8251: 

1)  The  8251  allows  transmit  and  receive  clocks  to  operate  at  the  baud  rate,  at  16x  the 
baud  rate  or  64x  the  baud  rate;  the  ^uPD369  clocks  operate  at  16x  the  baud  rate 
only. 

2)  The  8251  has  a  primitive  set  of  modem  control  signals  —  DSR,  OTR,  CfS,  RTS,  The 
juPD369  has  no  modem  control  signals. 

3)  The  /xPD369  can  operate  in  full  duplex  or  half  duplex  mode;  having  separate  8-bit 
parallel  data  input  and  output  ports.  It  is  quite  simple  to  operate  transmit  and 
receive  logic  of  the  juPD369  simultaneously.  The  8251  can  be  used  in  half  duplex 
mode  only. 

Table  4-11  compares  the  operating  characteristics  of  the  //PD369  and  the  8251 
USART. 

The  /xPD369,  like  the  /xPD379,  uses  input  and  output  signals  for  Control  and 
Status  information.  By  way  of  contrast  the  8251  has  Control  and  Status  registers 
which  must  be  written  into  and  read  as  though  they  were  data  locations. 

Figure  4-35  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  ptPD369  device. 

The  /xPD369  device  is  packaged  as  a  42-pin  DIP,  !t  uses  the  three  standard  8080A 
power  supplies:   +5V  (Vcc),  -5V  (Vbb)  and  +12V  (Vqd) 

/xPD369  DEVICE  PINS  AND  SIGNALS 

/uPD369  device  pins  and  signals  are  illustrated  in  Figure  4-43.  Signals  will  be  de- 
scribed with  reference  to  the  8251  USART,  the  equivalent  device.  For  a  discus- 
sion of  the  manner  in  which  various  signals  are  used,  refer  to  the  8251  USART 
device  description. 
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As  compared  to  the  8251 ,  the  /i,PD369  has  a  very  primitive  CPU  interface.  There  is 
no  chip  select  signal  nor  are  there  individually  addressable  buffers  within  the  device, 

The  parallel  data  output  lines  (RRO  -  RR7)  and  the  parallel  data  input  lines  (TRO  -  TR7) 
will  both  be  connected  to  the  System  Data  Bus. 

There  are  four  signals  which  essentially  act.as  read/write  strobes:  RRD,  THRL,  CRL  and 
SFD, 

Table  4-1  1  A  Comparison  Of  8251/9551  And  /xPD369  Asynchronous 
Serial  Data  Transfer  Capabilities 


FEATURE 

8251/9551 

/aPD369 

Synchronous 

Yes 

No 

Asynchronous 

Yes 

Yes 

Bits  Per  Character 

5,  6,  7  or  8 

5,  6,  7  or  8 

Error  Detected 

Parity,  Overrun,  Framing 

Parity,  Overrun,  Framing 

Stop  Bits 

1,  1-1/2  or  2 

1  or  2,  1-1/2  with  5 
data  bits  only 

Baud  Rate 

DC  to  9,6K  baud 

DC  to  50K  baud 

Clock  Frequency 

x1,  x16  or  x64 

x16 

Duplex 

Modem  Controls 

Half  duplex  only 
DSR,  DTR,  CTS,  RTS 

Half  or  full  duplex 
None 

Buffering 

Double 

Double 

When   RRD   is  low  the  output  pins  RRO  -  RR7  are  connected  to  the   Receive 
register;  RRD  acts  as  a  data  read  strobe. 


A  low  pulse  occurring  at  THRL  loads  data  via  TRO  -  TR7  to  a  Transmit  Holding 
buffer.  THRL  therefore  acts  as  a  data  write  strobe. 

CRL  acts  as  a  control  input  strobe.  A  high  level  on  CRL  causes  the  various  ptPD369 
control  signal  inputs  to  be  sampled. 

SFD  acts  as  a  status  read  strobe.  A  low  level  on  SFD  connects  the  status  signals  to 
appropriate  logic  within  the  /xPD369,  allowing  status  to  be  sampled. 


RRD,  THRL,  CRL  and  SFD  must  act  as  select  signals  as  well  as  enable  strobes; 

they  must  be  generated  as  the  AND  of  appropriate  control  signals  plus  memory  or  I/O 
port  addresses 

MR  is  a  master  reset  input.  When  this  signal  is  pulsed  high  for  at  least  500  nanose- 
conds the  /XPD369  device  is  reset.  Transmit  and  receive  buffers  are  cleared;  signals  FE, 
OE,  PE  and  DRR  are  reset  low  while  TRO,  THRE,  and  TRE  are  set  high. 

Let  us  consider  in  detail  signals  associated  with  transmit  logic.  The  actual  serial 
data  output  occurs  via  TRO.  Serial  data  output  is  clocked  by  a  clock  signal  input 
via  TRC.  TRC  clock  frequency  must  be  16x  the  baud  rate  for  serial  data  being  output 
via  TRO. 
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VCC 

GND 
RRD 
RR7 
RR6 

1 

2 

42 

41 

—  TRC 

4 
5 
6 

40 

,*1* —    VVLb  1 

39 

38 

Al 

RR5 

ifl 

7 

8 

9 
10 

1 1             //PD369 
12 
13 
14 

36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 

RR4 
RR3 

-* TR7 

RR2 
RR1 
RRO 

-*- 

TR5 

TR4 

PE 
FE 

-««- 

_^_ 

TR2 

OE- 

15 
16 

SFD. 

RRC 

17 

—        '•" 

DRR. 

-i*- 

18 

-*- 

THRL 

DR- 
Rl  . 

-*- 

19 
20 

24 
23 
22 

►THRE 

VBE- 

NAME 

21 

VDD 

PIN 

DESCRIPTION 

TYPE 

RRO- 

RR7 

Parallel  received  data  outpul 

Output 

TRO- 

TR7 

Parallel  transmitted  data  input 

Input 

MR 

Master  reset 

Input 

TRO 

Serial  data  output 

Output 

TRC 

Transmit  clock 

Input 

PI 

Parity  inhibit 

Input 

SBS 

Stop  bits  select 

Input 

WLS1.WLS2 

Word  length  select 

Input 

EPE 

Odd /even  parity  select 

Input 

CRL 

Control  load 

Input 

TRE 

Transmit  register  empty 

Output 

THRE 

Transmit  holding  register  empty 

Output 

THRL 

Transmit  holding  register  load 

Input 

Rl 

Serial  data  input 

Input 

RRC 

Receiver  clock 

Input 

PE 

Parity  error 

Output 

FE 

Framing  error 

Output 

OE 

Overrun  error 

Output 

SFD 

Status  flag  disconnect 

Input 

DR 

Data  received 

Output 

DRR 

Data  received  reset 

Input 

RRD 

Parallel  data  read  strobe 

Input 

v8B> 

CC'VDD 

GND 

Power  and  Ground 

Figure  4-43.  //PD369  Universal  Asynchronous  Receiver/Transmitter  Interface 
Signals  And  Pin  Assignments 
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Transmitted  data  is  double  buffered.  This  may  be  illustrated  as  follows: 

TRO  -  TR7 


Transmit  Buffer 


TRE  and  THRE  are  control  signals  associated  with  transmit  logic.  TRE  goes  high  as 
soon  as  Register  TB  is  empty.  TRE  remains  high  until  data  has  been  transmitted  from  TA 
to  TB  and  serial  data  transmission  resumes 

THRE  goes  high  as  soon  as  TA  is  empty.  THRE  remains  high  until  fresh  data  has  been 
written  into  Register  TA;  THRL  is  the  control  signal  which  causes  this  write  to  occur. 

TRE  and  THRE  are  equivalent  to  the  TxE  and  TxRDY  signals,  respectively,  of  the 
8251  USART. 

Serial  data  transmit  operations  are  controlled  by  signals  PI,  EPE,  SBS,  WLS1  and 
WLS2.  These  signals  cause  options  to  be  selected  as  follows: 

PI:    1  =  No  parity  bit  0  =  Add  parity  bit 
EPE:    When  PI  is  0,  EPE  =  1  selects  even  parity  EPE  =  0  selects  odd  parity. 

WLS1,  WLS2  select  data  bit  lengths  as  follows: 

WLS2     WLS1 

0  5  bits 

1  6  bits 

0  7  bits 

1  8  bits 


0 
0 

1 
1 

SBS:    1  =  2  stop  bits.  0  =  1  stop  bit 

With  5  data  bits,  SBS  =  1  forces  1-1/2  stop  bits - 


-as  required  by  Baudot  code. 


The  above  transmit  option  signals  are  sampled  while  CRL  is  high.  CRL  may  be  used 
as  a  control  output  strobe,  or  CRL  may  be  held  high  —  in  which  case  the  output  option 
signals  are  constantly  sampled.  If  you  are  using  the  //PD369  device  with  one  fixed  set 
of  transmit  options,  then  write  CRL  to  +5V  with  PI.  EPE,  SBS,  WLS1  and  WLS2  tied  ap- 
propriately to  power  and  ground.  If  you  are  modifying  transmit  options  under  program 
control,  then  the  option  signals  will  be  tied  to  appropriate  lines  of  the  System  Data  Bus; 
CRL  must  be  created  as  the  AND  of  the  write  enable  control  signal  plus  an  appropriate 
address  decoded  off  the  Address  Bus.  This  method  of  creating  CRL  has  already  been 
described. 

Let  us  now  look  at  receive  logic. 

Serial  data  is  received  via  Rl.  The  receive  baud  rate  is  controlled  by  the  receiver 
clock  signal  RRC  which  must  be  16x  the  baud  rate. 
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Receive  logic  is  double  buffered.  This  may  be  illustrated  as  follows: 

RR0-RR7 

i_L 


Receive  Data  Buffer 


As  soon  as  a  byte  of  data  has  been  assembled  in  RB  and  is  loaded  into  RA,  signal  DR 
goes  high.  Signal  DR  is  thus  equivalent  to  the  RxRDY  control  siqnal  of  the  8251 
USART. 

Receive  control  signals  of  the  //PD369  are  the  same  as  the  industry  standard 
UARTs,  based  on  the  Western  Digital  1602. 

RRD,  when  high,  disconnects  the  parallel  data  output  pins  RRO  -  RR7  from  the  Receive 
Data  Buffer  RA.  Conversely.  RRD  low  connects  the  parallel  data  output  pins  to  RA.  RRD 
may  therefore  be  used  as  a  read  control  and  device  select  strobe;  this  use  of  RRD  has 
already  been  described. 

But  RRD  does  not  reset  to  DR;  DRR  must  be  pulsed  low  before  DR  will  be  reset  This 
may  be  illustrated  as  follows; 


Data  read  out  of  RA' 


c 


DRR  thus  acts  as  a  separate  acknowledge  signal  DRR  and  RRD  may  be  derived  from  the 
same  source 

Parity  errors,  framing  errors  and  overrun  errors  in  the  received  data  are  detected. 
These  errors  are  identified  by  the  PE,  FE  and  OE  status  output  signals.  So  long  as 
SFD  is  high,  the  three  output  status  signals  are  disconnected  from  status  logic 
within  the  ^PD369  device.  SFD  must  be  pulsed  low  in  order  to  sample  these  status 
lines  SFD  may  therefore  be  derived  as  the  AND  of  a  read  control  strobe  plus  an  ap- 
propriate memory  address  decode.  This  generation  of  SFD  has  been  described.  If  SFD  is 
derived  in  this  fashion,  then  PE.  FE  and  OE  must  be  connected  to  lines  of  the  System 
Data  Bus;  status  will  be  read  out  of  the  //PD369  device  by  reading  data  out  of  the 
memory  location  or  I/O  port  associated  with  SFD  creation. 

Figure  444  flowcharts  a  valid  event  sequence  for  using  the  /^PD369. 
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1.TURN  ON  POWER 
2  PULSE  MASTER 

RESET 
3.  SELECT  BAUD 

RATE  -  16x  CLK 


THRE  ="1" 

TRE  ="1" 

TRO  ="1" 

SET  CONTROL  BITS 


SET  DATA  BITS 


LLOAD  XMTR 
REGISTER 

2-SETTRE  ="0" 


RESET  TRO  =  "0" 
(START  BIT) 


SET  THRE  ="1" 


SHIFT  ONE  BIT 
RIGHT  IN 
TRANSMITTER 
REGISTER 


TRANSMIT  START 
DATA  BITS  SELECTED 
PARITY  MODE 
AND  STOP  BITtS) 


*WHEN  A  FIVE  BIT  WORD  AND  TWO 
STOP  BITS  ARE  PROGRAMMED 


TRANSMITTER  FLOW  CHART 


Figure  4-44    Operations  Flow  Chart  For  /iPD369  Asynchronous  Serial  I/O  Operations 
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{7'/a  -  16x  CLK) 


ENABLE  PE 
FLIP-FLOP 
TO  BE  RESET  TO  "0" 


ENABLE  FE 
FLIP-FLOP 
TO  BE  RESET  TO  "0' 


ENABLE  OE 

FLIP-FLOP 

TO  BE  RESET  TO  "0" 


RECEIVER  FLOW  CHART 


Figure  4-44    Operations  Flow  Chart  For  /xPD369  Asynchronous  Serial  I/O 
Operations  (Continued) 
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8255  AND 

8255A 

DIFFERENCES 


THE  8255  AND  8255A  PROGRAMMABLE 
PERIPHERAL  INTERFACE  (PPI) 

The  8255  PPI  is  a  genera!  purpose  i/O  device.  Even  though  it  has  been  designed 
for  use  within  an  8080A  microcomputer  system,  in  fact,  it  can  be  used  with 
almost  any  microprocessor. 

The  8255  PPI  provides  24  I/O  pins,  which  may  be  configured  as  one,  two  or  three 
I/O  ports.  16  of  the  I/O  pins  are  latched;  eight  of  the  I/O  pins  are  simply  buffered. 

Figure  4-45  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  8255  PPI. 

The  8255  PPI  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply.  All 
inputs  and  outputs  are  TTL  compatible.  The  device  is  implemented  using  n-Chan- 
nel  MOS  technology. 

There  are  two  differences  between  the  8255A  and  the  8255. 

The  8255  is  limited  to  working  with  8080A  devices  having 
clock  signals  with  500  nanosecond  cycle  times  or  longer  The 
8255A  will  work  with  clock  signals  as  short  as  250  nanose- 
conds—  that  is,  with  the  fastest  8080A  CPUs  on  the  market 
today. 

The  8255,  when  reset,  outputs  the  OBF  control  signal  low  in  Mode  1;  external  logic 
thus  has  no  initial  data  request  control  signal  The  8255A,  when  reset,  outputs  OBF 
high  in  Mode  1;  thus  external  logic  receives  an  initial  request  to  transmit  data  to  the 
8255A 

Electrical  characteristics  of  the  8255  and  the  8255A  differ  significantly  —  as  defined  in 
the  data  sheets  at  the  end  of  this  chapter 

8255  PPI  PINS  AND  SIGNALS 

The  8255  pins  and  signals  are  illustrated,  in  Figure  4-46.  Pins  and  signals  are 
deceptively  straightforward;  the  power  of  this  device  lies  in  its  internal  architec- 
ture and  operating  features. 

Consider  first  the  various  Data  Busses. 

DO  -  D7  represent  the  bidirectional  Data  Bus,  via  which  all  communications  between 
the  CPU  and  the  8255  occur 

PAO  -  PA7,  PBO  -  PB7  and  PCO  -  PC7  represent  Data  Busses  connected  to  the  three  8- 
bit  I/O  ports  A,  B  and  C  All  parallel  I/O  communications  with  external  logic  occur  over 
one  of  these  three  I/O  port  busses. 

There  are  three  device  select  pins:  CS,  A0  and  A1. 

CS  is  the  master  chip  select  When  a  low  signal  is  input  at  this  pin, 
the  8255  is  selected.  A0  and  A1  allow  one  of  four  registers  within 
the  8255  to  be  addressed  CS,  A0  and  A1  combine  to  address  in- 
dividual  registers  within  the  8255  as  follows: 


8255  PPI 

SELECT 

LOGIC 


CS 

A0 

A1 

Selected 

0 
0 
0 
0 

1 

0 
1 

0 
1 
X 

0 
0 
1 
1 
X 

I/O  Port  A 

i/O  Port  B 

I/O  Port  C 

A  Control,  write  only  buffer 

8255  not  selected 
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PAO  -  PA7 
PBO  -  PB7 
PCO  -  PC7 

RD 

WR 

RESET 

CS 

AO,A1 

VCC>GND 


DESCRIPTION 
Bidirectional  Data  Bus 
Eight  I/O  pins,  designated  as  Port  A 
Eight  I/O  pins,  designated  as  Port  B 
Eight  I/O  pins,  designated  as  Port  C 
upper  and  Port  C  lower 
Read  from  device  control 
Write  to  device  control 
System  reset 
Device  select 
I/O  port  select 
Power  and  Ground 


TYPE 

Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 

Input 
Input 
Input 
Input 
Input 


Figure  4-46.  8255  Programmable  Peripheral  Interface  Device 
Signals  And  Pin  Assignments 

Thus,  an  8255  PPI  appears  to  the  CPU  either  as  four  I/O  ports,  or  as  four  memory  loca- 
tions. This  is  how  select  logic  might  access  an  8255  PPI  as  four  I/O  ports: 


Low  order  eight 
Address  Bus  lines 


Suppose  GS  is  output  low  when  decode  logic  receives  01001 1  as  input  and  CS  is  out- 
put high  otherwise.  The  8255  PPI  will  respond  to  I/O  port  addresses  as  follows: 

A7     A6     A5  A4  A3     A2 

0  0  11 

0  0  1         1 

0  0  11 

0  0 


1 


AT 
0 
0 

1 
1 


A0 
0 
1 

0 
1 


4Cie  selects  I/O  Port  A 
4Dv6  selects  I/O  Port  B 
4E-|6  selects  I/O  Port  C 
4F-)6  selects  Control  buffer 


If  the  8255  PPI  is  accessed  as  four  memory  addresses,  then  CS  would  be  decoded  out  of 
A2  through  A15. 
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8255  PPI 
READ  AND 
WRITE 
CONTROL 


RD  and  WR  are  active  low  control  signals  which  enable  read 
and  write  operations  within  a  selected  8255  PPI  register. 

When  RD  is  low,  the  addressed  register  contents  are  read  to  the 
CPU.  When  WR  is  low,  the  CPU  will  write  into  the  addressed 
register. 

When  the  8255  PPI  is  selected  as  four  I/O  ports,  RD  and  WR  will  be  connected  to  the 
l/OR  and  l/OW  control  signals,  respectively,  output  by  the  8228  System  Controller, 

,f  the  8255  PPI  is  accessed  as  four  memory  locations,  RD  must  be  connected  to  MEMR 
and  WR  must  be  connected  to  MEMW. 

Of  coursejrf  there  is  no  8228  System  Controller  in  the  configuration,  you  will  have  to 
generate  RD  and  WR  by  whatever  means  are  available. 

The  only  signals  remaining  to  be  explained  are  RESET,  power  and  ground;  and 

these  are  all  self-evident.  RESET  is  a  typical  system  reset  signal.  When  input  high  this 
clears  all  8255  registers. 

Power  must  be  connected  to  a  single  +5V  power  supply 
8255  PPI  OPERATING  MODES 

The  four  8255  PPI  addressable  locations  consist  of  three  I/O  ports  and  a  Control 
buffer.  I/O  Port  C  may  be  divided  into  two  4-bit  I/O  ports,  accessed  as  a  single  ad- 
dressable unit.  Ports  may  be  illustrated  as  follows: 


Port  C 

upper 


Port  C 
lower 


7     654321     0765432107654321     0 


I  I  I  MM  I  I  II 


D 


Group  1 


Group  2 


Ports  are  accessed  as  three  independent,  8-bit  parallel  units  (Ports  A,  B  and  C). 

Any  eight  pins  from  I/O  Ports  B  and  C  may  be  used  to  source  1  milliamp  of  current 
at  1.5  volts.  This  allows  Darlington  transistors  to  be  driven  directly  Darlington  transis- 
tors are  used  by  devices  such  as  printers  and  high  voltage  displays 

Some  8255  options  allow  ports  to  be  divided  into  two  groups,  illustrated  as  Group 
1  and  Group  2  above  In  a  group,  Port  A  or  Port  B  acts  as  a  data  transfer  port  while 
selected  bits  of  Port  C  function  as  control  signals. 

You  identify  the  way  in  which  ports  will  operate  by  loading  an  appropriate  com- 
mand into  the  Control  buffer. 

You  have  three  options. 

Mode  0  represents  simple  I/O.  In  this  mode  each  I/O  port  can  be 
defined  as  a  simple  input  port,  or  a  simple  output  port  This  may 
be  illustrated  as  follows: 

Each  of  these  four  units  can  be  assigned  to  input  data,  or  to 
output  data,  but  not  both. 


8255  PPI 
MODE  0 


Port  C 

upper 


Port  C 

lower 


7    6    5    4    3    2     107654321076543210 

I  I  I  I  I  M  I  i  i  ii  ii  1 1 1  1 1  1 1  irn 
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Observe  that  Port  C  upper  and  lower  halves  may  be  defined  separately  as  input  and/or 
output  ports. 

Mode  1  allows  I/O  Ports  A  and  B  to  be  defined  as  either  input 
or  output  ports,  with  Port  C  providing  handshaking  control  sig- 
nals. Mode  1  may  be  illustrated  as  follows: 


8255  PPI 
MODE  1 


Control 

Control 

Port  A 

signals 

signals 

Port  A  can  be  assigned  to  input  data 

for 

for 

or  to  output  data,  but  not  both 

Port  A 

Port  B 

Port  B 

Port  B  can  be  assigned  to  input  data  or 

to  output  data,  but  not  both 


7    6    5    4    3    2 

I  I  I  I  I  I  I 

I     07654321     0765432     10 

1  1  1  1  1  1  1  1  II  1  1  1  1  1  1  II 

Group  1 


Group  2 


In  Mode  1 ,  you  must  define  Port  A,  Port  B,  Port  C  upper  and  Port  C  lower  as  input 
or  output  ports;  these  are  four  independent  data  transfer  direction  definitions.  In  the 
case  of  Port  C  upper  and  Port  C  lower,  some  pins  are  set  aside  as  control  signals  —  as 
we  are  about  to  describe.  Port  C  control  signals  ignore  port  input  or  output  definitions; 
unassigned  Port  C  pins  operate  as  either  input  or  output  signal  carriers,  depending  on 
the  direction  defined  for  the  Port  C  upper  and  Port  C  lower 

We  will  now  examine  the  simple  handshaking  provided  by  Mode  1. 

If  Port  A  or  B  has  been  assigned  as  an  input  port,  then  external  logic  must  be  able  to 
indicate  that  new  input  data  has  been  placed  at  the  input  port;  an  input  strobe  control 
signal  (STB)  serves  this  purpose: 


^      Data  i 


1 


PC2  or  PC4 


Port  B  or 
.Port  A 


STB  low  causes  new  data  to  be  strobed  into  the  port's  input  buffer  A  second  control 
signal  (IBF)  is  output  high  while  the  input  buffer  is  full:  that  is,  from  the  instant  STB 
strobes  data  into  the  buffer,  until  the  CPU  executes  an  instruction  which  reads  the 
buffer  contents: 


CPU  reads  data 


PC1  or  PC5 


RD  low  identifies  the  execution  of  an  instruction  which  reads  the  input  port's  buffer 
contents.  Thus  while  IBF  is  high,  there  is  unprocessed  data  in  the  input  port's  buffer. 
External  logic  must  not  input  new  data  while  IBF  is  high;  if  it  does,  prior  unprocessed 
data  will  be  destroyed. 
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How  is  the  CPU  to  know  when  fresh  data  is  in  an  I/O  port's  buffer  and  must  be  read?  IBF 
will  not  do  this  job.  IBF  goes  high  when  data  starts  entering  the  I/O  port  buffer  — at 
which  point  external  logic  must  be  told  not  to  try  sending  any  more  data  The  CPU  must 
not  try  to  read  an  I/O  port's  buffer  contents  until  data  transfer  into  the  port  is  complete. 
Each  port  is  therefore  provided  with  a  control  output  which  can  serve  to  interrupt  the 
CPU  when  data  has  been  loaded  into  an  I/O  port's  buffer: 


New  data  is  ready 
for  CPU  to  read. 


CPU  starts  reading  new  data 


I/O  Port  C  pins  7  and  6  do  not  handle  input  control  signals,  they  may  be  used  in  any 
way  to  handle  bidirectional  data 

in  summary.  Port  C  provides  Mode  1  input  control  signals  as  follows: 

7    6    5    4    3    2     10  -« Bit  No. 

I 


n  j>  a  ii  ii 


] 


■  INTR  (B)  j 

-  IBF  <B} 
*STB(B)    j 

-  INTR  (A)  ] 
-STB  (A) 


Input  Port  B  controls 


>  Input  Port  A  controls 
IBF  (A)     j 
Data  input  or  data  output  depending  on  Pott  C  upper  definition 


Now  look  at  the  control  signals  needed  by  a  Mode  1  output  port,  As  soon  as  the 
CPU  writes  data  into  an  I/O  port  buffer,  a  control  signal  08F  is  output  low,  telling  exter- 
nal logic  that  new  data  is  ready  to  be  read: 


Port  B  or 
►  Port  A 


PC1  or 
PC7 


CPU  has  output-- 
new  data 
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External  logic  must  acknowledge  that  it  has  read  the  new  data  by  inputting  ACK  low: 


J 1 


CPU  has  output 
new  data 


Port  B  or  Port  A 


.  External  logic  has 
read  new  data 


If  the  CPU  again  outputs  new  data  while  OBF  is  low,  then  it  will  destroy  the  prior  output 
data  —  which  external  logic  has  not  yet  read.  An  interrupt  control,  similar  to  the  input 
interrupt  control,  therefore  tells  the  CPU  when  it  is  safe  to  output  new  data: 


DATA  OUT 


Port  B  or  Port  A 


CPU  has  output 
new  data 

External  logic  compietes 

reading  data.  CPU 

can  now  output  new  data 

In  output  Mode  1,  Port  C  pins  4  and  5  do  not  handle  control  signals;  they  may  be  used 
in  any  way  to  handle  bidirectional  data. 

In  summary,  Port  C  provides  Mode  1  output  signals  as  follows: 


7    6    5    4    3    2    10- 


a  iiv-T^'ji  ji  i7\ 


►  Output  Port  B  controls 
-  Data  input  or  data  output,  depending  on  Port  C  upper  definition 
•  Output  Port  A  controls 


When  an  8255  PPI  is  reset,  all  I/O  port  bits  —  and  associated  control  signals  —  are 
reset  This  is  very  significant  when  operating  the  8255  PPI  in  Mode  1  or  2  since  exter- 
nal logic  will  initially  receive  a  low  OBF  signal.  Thus,  external  logic  will  initially 
think  that  the  8255  output  buffer  is  full,  and  will  not  transmit  data.  You  must  read 
and  discard  the  first  data  byte  following  a  Reset  before  external  logic  will  receive  a  high 
OBF  signal,  thus  initiating  normal  handshaking. 
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Following  a  Reset,  the  new  8255A  initially  outputs  OBF  high;  data  transfer  under  Mode 
1  or  Mode  2  will  begin  without  program  intervention. 

Mode  2  allows  I/O  Port  A  to  act  as  a  bidirectional  data  port.  Bidirectional 
handshaking  control  signals  are  provided  by  I/O  Port  C.  Bidirectional  I/O  control  sig- 
nals are  a  simple  combination  of  the  Mode  1  input  and  output  control  signals,  and  may 
be  illustrated  as  follows: 


7    6     5    4    3    2    1     0-* 

Ml 

A    il 

T 

'Data  input  or  data  output,  depending  on  Port  C  lower  definition 

INTR  (input  or  output)  \ 

STB  (input)  I  Bidirectional 

IBRinput)  >  Port  A 

ACK  (output)  1  Controls 

OBF  (output)  / 

Note  carefully  that  with  a  single  exception  of  Mode  2,  no  restrictions  are  placed 
on  the  mode  combinations  which  can  be  selected  within  an  8255  PPI.  Table  4  12 
summarizes  allowed  mode  combinations  and  identifies  the  resulting  I/O  port  pin 
assignments. 

You  make  I/O  port  assignments  by  writing  a  control  word  to  the  8255  Control  port 
address.  This  is  how  the  Control  Word  is  interpreted: 


7    6    5    4    3    2    10- 


it   M    il    il 


0 


■Port  C  lower  0  =  Output,  1  =  Input 
-Port  B  0  =  Output,  1  =  Input 

-  Port  B  0  =Mode  0  select,  1  =Mode  1  select 
-Port  C  upper  0  =  Output,  1  =  Input 

-  Port  A  0  =  Output,  1  =  Input 
•  Port  A  00  =  Mode  0  select 

01  =Mode  1  select 

10  =Mode  2  select 

1 1  =  Mode  2  select 


At  any  time  you  can  also  write  a  Control  Word  to  the  8255  Control  port  address  in  order 
to  set  or  reset  individual  bits  of  Port  C  If  a  Control  Word  is  to  modify  I/O  Port  C  bits, 
then  it  must  have  the  following  format 


7    6    5    4    3    2    10  -«*- 


EE 


D 


H 


0  =  Reset  selected  bit  to  0 

1  =Set  selected  bit  to  1 

000  Select  PC0 

001  Select  PC1 

010  Select  PC2 

011  Select  PC3 

100  Select  PC4 

101  Select  PC5 

1 10  Select  PC6 

111  Select  PC7 
These  bits  are  ignored 


The  8255  PPI  has  no  Status  register;  instead  you  should  read  the  contents  of  I/O 
Port  C,  and  interpret  bits  as  shown  in  Table  4-12. 
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There  are  some  non-obvious  features  of  the  8255  PPI  which 
you  should  be  aware  of. 


8255  PPI 

USE 

PROBLEMS 


When  I/O  Port  A  or  B  is  assigned  as  an  output  port  individual  port 
pins  may  output  high  or  low  signals,  this  is  accomplished  by  writ- 
ing data  to  the  I/O  port  before  assigning  it  as  an  output  port.  When  you  assign  either  or 
both  halves  of  I/O  Port  C  as  an  output  port  all  signals  will  initially  be  low. 

When  operating  in  Mode  0,  beware  of  assigning  upper  and  lower  halves  of  I/O  Port  C  to 
input  and  output,  Some  users  have  reported  that  when  you  read  from  I/O  Port  C  you 
may  alter  output  signal  levels;  when  you  write  to  I/O  Port  C  you  may  write  into  the  in- 
put  signal's  buffer,  modifying  any  bit  settings  created  by  input  signals  This  is  a  prob- 
lem that  does  not  always  appear 

In  Modes  1  and  2  you  must  use  the  Control  code  to  write  to  I/O  Port  C,  one  bit  at  a  time, 
You  cannot  write  an  8-bit  pattern  to  I/O  Port  C.  Also,  in  Modes  1  and  2,  all  control  sig- 
nals must  be  initialized  by  writing  to  the  appropriate  bit  of  I/O  Port  C  using  the  ap- 
propriate Control  code. 

8255  PPI  interrupt  logic  must  be  enabled  In  Modes  1  and  2  observe  that  interrupt  re- 
quests may  be  output  via  INTRA  and  INTRB  (pins  3  and  0  of  I/O  Port  C,  respectively), 
These  interrupt  requests  will  only  occur  if  you  first  output  a  high  level  to  these  bits  of 
I/O  Port  C  using  the  appropriate  Control  codes. 

THE  8212  8-BIT  INPUT/OUTPUT  PORT 

This  is  a  simple,  nonprogrammable,  yet  versatile  and  economic  I/O  device,  capa- 
ble of  providing  total  I/O  interface  logic  in  small  microcomputer  systems;  in  larger 
microcomputer  systems  consider  the  8212  I/O  port  for  specific  local  I/O  needs. 

This  device  has  a  data  latch,  buffer  and  interrupt  logic.  The  data  latch  consists  of 
eight  D-type  flip-flops  whose  Q  outputs  are  connected  to  instate,  non-inverting 
output  buffers.  In  order  to  make  effective  use  of  the  8212  I/O  port  it  is  important  to 
understand  the  logic  of  this  device;  therefore  it  is  illustrated  in  Figure  4-47.  We  will 
refer  to  this  figure  for  clarification  when  describing  individual  signals. 

In  order  to  understand  the  latching  and  buffering  of  the  8212  I/O  port  note  that  the 
eight  flip-flops  are  sensitive  to  the  level  of  the  C  input  and  not  to  signal  transi- 
tions. When  the  clock  input  C  is  high,  the  Q  outputs  will  track  the  D  inputs.  When  the 
clock  inputs  C  are  low,  the  Q  outputs  hold  their  prior  levels  and  are  disconnected  from 
the  D  inputs. 

interrupt  logic  provided  by  the  821 2  I/O  port  is  functionally  similar  to  the  handshaking 
logic  described  for  Modes  1  and  2  of  8255  PPI  operation 

Figure  4-45,  which  defines  8255  PPI  logic  bounds,  also  illustrates  that  portion  of 
our  general  microcomputer  systems  which  can  be  implemented  using  an  8212  I/O 
port. 

8212  I/O  PORT  PINS  AND  SIGNALS 

8212  I/O  port  pins  and  signals  are  illustrated  in  Figure  4-48.  We  will  describe 
these  pins  and  signals  with  reference  to  Figure  4-47. 

DIO  -  DI7  are  data  input  pins.  They  are  connected  to  the  eight  data  inputs  of  the  D- 
type  flip-flops  within  the  8212  I/O  port.  The  O  outputs  of  these  flip-flops  are  con- 
nected to  tristate  buffers,  which  in  turn  output  data  via  pins  DOO  -  D07. 

Data  flow  is  controlled  by  the  mode  select  (MD),  strobe  (STB),  and  device  select 
logic. 

Before  this  device  can  be  selected,  a  low  input  must  occur  at  DS1  and  a  high  input 
must  occur  at  DS2. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

8212 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

MD  ■— - 

D01  «^. 

ni?   

002  -^- 

Dt3  

no3  «*-. 

STB 

GND 

"** 

Vcc 

INT 

DI7 

D07 

0I6 

D06 

DIB 

D05 

DI4 

D04 

CLR 

DS2 


PIN  NAME 

DESCRIPTION 

TYPE 

DIO  -  DI7 

input  Data  Bus 

Input 

DOO  -  D07 

Output  Data  Bus 

Output 

DS1,DS2 

Device  select 

Input 

MD 

Mode  select 

Input 

STB 

Data  strobe 

Input   - 

CLR 

Device  Clear 

Input 

INT 

Interrupt  request 

Output 

VCC 
GND 

Power 
Ground 

Figure  4-48.  8212  input/Output  Port  Signals  And  Pin  Assignments 

The  eight  D-type  flip-flops  may  be  clocked  either  by  device  select  logic,  or  by  the  strobe 
input  (STB),  depending  on  the  condition  of  the  mode  input  (MD). 

If  MD  is  input  high,  then  device  select  will  clock  the  flip-flops,  and  the  output  buffers 
are  permanently  enabled  by  the  high  MD  level;  hence  this  is  defined  as  output  mode. 

If  the  MD  signal  is  input  low,  then  it  negates  chip  select  logic  as  a  contributor  to  the 
flip-flop  clock;  and  it  does  not  enable  the  output  buffers.  Now  the  flip-flop  clock  inputs 
must  be  derived  by  the  strobe  input  STB,  and  device  select  enables  the  output  buffers. 
With  this  configuration  STB  can  strobe  data  into  the  flip-flop  at  any  time,  whether  or 
not  the  device  has  been  selected.  Device  select  enables  the  output  buffers  and  occur- 
rence of  data  at  pins  DOO  -  D07;  hence  MD  low  is  referred  to  as  an  input  mode. 

To  summarize,  when  MD  is  high,  device  select  logic  strobes  data  at  DIO  -  DI7  into 
the  flip-flops,  and  data  flows  through  immediately  to  DOO  -  D07: 


Input  data 


-2*. 


JE 


appears  at  output  pins 
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When  MD  is  low,  STB  may  at  any  time  strobe  data  at  DSO  -  DI7  into  the  D-type 
flip-flops;  the  8212  I/O  port  need  not  be  selected  for  this  to  occur.  Device  select 
logic  controls  the  instant  at  which  new  data  is  output  via  DOO  -  D07: 


DIO  -  DI7  Data  in 


Q  (flip-flops)  K^     stored  in  flip-flops 


2^ 

»^»      stored  in  fl 


jy-\ 

yunmm0u m— hiiii 


appears  at  output 


The  D-type  flip-flops  may  be  reset  at  any  time  by  setting  the  CLR  input  low. 
The  interrupt  request  signal  TNT  functions  much  as  it  does  in  8255  PPi  Modes  1 
and  2  operation.  When  the  8212  I/O  port  is  used  for  data  input  recall  that  STB  high 
clocks  data  from  DIO  -  DI7  into  the  flip-flops.  The  CPU  must  be  informed  of  this  event. 
The  high-to-low  transition  of  STB  clocks  the  service  request  flip-flop  SR,  causing  SR  (Q) 
to  output  low,  since  SR  (D)  is  tied  to  ground.  SR  (Q)  low  is  inverted  at  the  INT  NOR  gate, 
therefore  the  NOR  gate  receives  a  high  input  and  INT  is  output  low.  Thus  INT  informs 
the  CPU  that  data  has  been  strobed  into  the  data  flip-flops.  Assuming  that  CLR  is 
high,  the  device  select  logic  outputs  a  second  high  to  the  NOR  gate  which  drives  the  SR 
flip-flop  SET  input  SET  is  therefore  input  low,  forcing  SR  (Q)  high;  SR  (Q)  high  transl- 
ates into  a  low  input  to  the  NOR  gate  generating  INT,  which  is  forced  high  in  conse- 
quence. Device  select  logic  is  output  high  when  the  contents  of  the  8212  I/O  port  is 
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read,  therefore  the  process  of  reading  port  contents  sets  INT  high  again.  This  may 
be  illustrated  as  follows: 


TO 


:^D 


•«  Data  strobed  into 
data  latch 


CPU  completes  reading 
data  out  of  output  buffer 
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8212  I/O  PORT  UTILIZATION  OPTIONS 

We  will  now  look  at  some  of  the  ways  in  which  an  8212  I/O  port  can  be  used.  Let 
us  start  by  trying  to  emulate  8255  PPI  modes  —  for  a  single  8255  I/O  port. 

Consider  the  8212  I/O  port  being  used  for  data  input: 


8212  I/O  PORT 
USED  FOR 
INPUT  WITH 
HANDSHAKING 


External  logic 

must  strobe 

data  into  latches 


Data  in  from 
externa!  logic 


Tie  CLR  to  Vcc. 
CLR  is  disabled 


Connect  MEMR  or  l/OR 

from  8228  System  Controller  to 

DS1.  Read  strobe  then 

completes  device  select 


~1 

STB              INT 

8212 
CLR                       MD 

DS1              DS2 

*    4 

1 

Interrupt  requested  when 
data  is  strobed  into  I/O  port 


Data  out  to 
microcomputer  system 


Tie  MD  to  ground.  Now  STB 
clocks  latches  and  Select 
enables  buffers 


Derive  DS2  from  Address  Bus 


Select    logic  from 

microcomputer 

system 


Input  timing  may  be  illustrated  as  follows: 

JC 


DATA  IN  (DIO  -  DI7) 
FROM  EXTERNAL  LOGIC 


SELECT  (DS1  •  DS2) 


DATA  OUT  <DO0  -  D07) 
TO  CPU 


As  illustrated  above,  STB  is  a  handshaking  signal,  equivalent  to  the  8255  STB  control; 
INT  can  be  used  to  signal  the  CPU  that  new  data  is  in  the  latches  and  may  be  read-  TNT 
must  serve  the  functions  of  8255  IBF  and  INTR  controls,  we  have  thus  approximated 
8255  Mode  1  input. 


4-127 


We  can  simplify  data  input  protocol  by  tying  STB  high  (to  8212  I/O  PORT 

Vcc).  DATA  IN  passes  through  the  latches  continuously  and  USED  FOR 

SELECT  enables  DATA  OUT.  You  can  ignore  INT  The  8212  is  SIMPLE  INPUT 

now  operating  as  a  simple,  gated  buffer,  where  SELECT  ena-  — — 

bles  the  output  of  whatever  data  occurs  at  DIO  -  DI7;  this  is  equivalent  to  8255  Mode 
0  input.  Timing  may  be  illustrated  as  follows: 


DATA  IN  (DiO  -  DI7) 
FROM  EXTERNAL  LOGIC  . 


X 


DATA  OUT  <DO0  -  D07) 
TO  CPU  - 


X 


The  8212  I/O  Port  being  used  for  output  may  be  illustrated 
as  follows: 


8212  I/O  PORT 
USED  FOR 
OUTPUT  WITH 
HANDSHAKING 


CPU  must  strobe  data 

into  latches.  Derive 

STB  from  Device 


Select  and  MEMW  or  l/OW 


Data  in  from 
microcomputer  system 


Tie  CLR  to  Vcc       Vq 
CLR  is  disabled 


t 

STB                INT 

8212 
CLR                        MD 

DS1             DS2 

"     J 

INT  is  unused  and  ignored 


Data  out  to 
external  logic 


Tie  MD  to  ground.  Now 

■  STB  clocks  latches  and 

select  enables  buffers. 


7 


External  logic 

reads  data 

by  creating 

DS1  •  DS2  high 
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This  is  a  simple  reversal  of  the  input  logic  just  described.  The  CPU  creates  STB  and 
external  logic  creates  DS1  *DS2  DIG  -  DI7  is  connected  to  the  microcomputer  system 
Data  Bus  and  DOO  -  D07  is  connected  to  external  logic  INT  goes  low  when  the  CPU 
strobes  data  into  the  I/O  port,  INT  therefore  informs  external  logic  that  data  is  ready  to 
be  output  External  logic  resets  INT  upon  reading  the  data  This  timing  may  be  illustr- 
ated as  follows:    * 

DATA  OUT  (DOO  -  D07) 
FROM  CPU 


DATA  OUT  (DOO  -  D07) 
TO  EXTERNAL  LOGIC 


SR  (Q) 


CPU  has  output  data 
for  external  logic  to  read 


External  iogic  comp 
reading  output  data 


This  use  of  the  821 2  I/O  port  for  data  output  is  directly  comparable  to  8255  Mode 
1  output. 

82 12  INT  serves  the  same  function  as  8255  OBF  8212  DS1 -DS2  is  equivalent  to  8255 
ACK  The  8255  interrupt  request  INTR.  however,  must  be  derived  from  external  logic  as 
follows 


3 
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The  8212  I/O  port  can  be  configured  for  simple.  Mode  0 
output  as  follows: 


8212  I/O  PORT 
USED  FOR 
SIMPLE  OUTPUT 


Tie  to  Vqq  and 
disable  STB 


Data  in  from 
microcomputer  system 


Tie  to  Vrr  and 


Connect  DS1  to  MEMW 
or  l/OW,  completing  select 


t 

B» 

STB               INT 

^ 

8212 

CLR                       MD 
DSl              DS2 

gs=- 

? 

Device  select,  created 

by  microcomputer 

system  logic 

Simple  output  timing  may  be  illustrated  as  follows; 


Interrupt  unused 


Data  out  to 
external  logic 


Tie  to  Vqq,  and  set 
output  mode 


Derive  DS2  from 
Address  Bus 


DATA  IN  (DIO  -  D17) 
FROM  CPU- 


DATA  OUT  (DOO  -  D07) 
TO  EXTERNAL  LOGIC  - 


3 
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In  many  small  microcomputer  configurations  two  8212  I/O 
ports  may  be  wired  with  one  for  simple  input,  the  other  for 
simple  output,  then  combined  back-to-back  to  form  a 
bidirectional  bus  driver: 


8212  I/O 
PORTS  AS 
BIDIRECTIONAL 
BUS  DRIVERS 


Vcc" 


CLR 
DS1 


MD 
DS2 


Select  - 
Direction  . 


TT 


•vcc 


vCc 


MD 


CLR 
DS2 


Select  . 
Direction 


3~~r 


Vcc 


Device  select  logic  is  the  key  to  this  use  of  the  8212  I/O  ports-  Tie  DS2  of  both  devices 
to  Vco  then  use  DS.1  to  select  one  device  or  the  other: 


Direction  Select  • 


T=^ 


Whatever  signal  is  controlling  the  direction  of  data  flow  on  the  bus  becomes  the 
"Direction  select".  In  its  simple  form  it  is  connected  to  DS1  of  one  8212;  inverted  it  is 
connected  to  DS1  of  the  other  8212. 
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THE  8257  DIRECT  MEMORY  ACCESS 
CONTROLLER 


This  device  provides  8080A  based  microcomputer  systems  with  logic  to  support 
four  direct  memory  access  channels. 

From  our  discussion  of  the  8080A  CPU,  recall  that  this  microprocessor  supports 
direct  memory  access  by  providing  a  Hold  state.  During  the  Hold  state,  the  CPU 
disconnects  itself  from  system  busses,  allowing  external  logic  to  access  memory 
by  mimicking  CPU  signals  on  the  Address,  Data  and  Control  Busses.  Logic  of  the 
8257  DMA  Controller  creates  the  necessary  Hold  state  and  performs  the  necess- 
ary CPU  mimicking  operations. 

Because  8080A  DMA  logic  is  unique  to  this  microprocessor,  the  8257  DMA  Con- 
troller is  not  general  purpose;  it  is  difficult  to  use  with  other  microprocessors  de- 
scribed in  this  book, 

it  is  important  to  note  that  the  8257  DMA  Controller  requires  an  8212  I/O  port,  or 
some  equivalent  device,  to  demultiplex  Data  Bus  pin  outputs. 

Noteworthy  features  of  the  8257  DMA  Controller  are: 

1)  The  ability  to  assign  permanent  priorities  to  the  four  DMA  channels,  or  to 
rotate  priorities  on  a  round  robin  basis. 

2)  By  reducing  the  number  of  DMA  channels  to  three,  one  DMA  channel  can  be 
used  for  the  recursive  DMA  transfer  of  fixed  length  or  chained  records. 

Figure  4-49  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  8257  DMA  Controller  device. 

The  8257  DMA  Controller  chip  is  fabricated  using  N-channel  depletion  load  MOS 
technology.  It  is  packaged  as  a  40-pin  ceramic  or  plastic  DIP.  All  signals  are  TTL 
compatible. 

8257  DMA  CONTROLLER  PINS  AND  SIGNALS 

Figure  4-50  summarizes  8257  DMA  pins  and  signals.  Many  of  these  signals  have 
8080A  counterparts,  therefore  we  will  describe  them  within  the  context  of  a 
general  8257  device  discussion. 

Logic  associated  with  each  DMA  channel  centers  on  two  16- 
bit  registers.  One  register  holds  a  memory  address;  the  other 
contains  a  byte  count,  plus  DMA  direction  control: 


8257  DMA 

CONTROLLER 

REGISTERS 


HO  Byte 


L0  Byte 


I     I      I      I      I      I      II     l      I      I      I     I     I      I     I      I         Memory  Address 


HO  Byte 


LO  Byte 


HI I  III  II   I 


Byte  Count 

Specify  direction  of  data  transfer 
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PIN  NAME 
DBO  -  DB7 


A5- A7 

l/OR 

_v 

MEMR 

MEMW 

MARK 

TC 

READY 

HRQ 

HLDA 

ADDSTB 

AEN 


DACKO  -  DACK3 


DESCRIPTION 
Bidirectional  Data  Bus  and  high 
order  Address  byte 
Four  low  order  address  lines 
and  register  select  lines 
Simple  address  lines 
Device  read  input  and  external 
logic  read  output 
Device  write  input  and 
external  logic  write  output 
Memory  read  control 
Memory  write  control 
128  (or  256)  byte  count  indicator 
Penultimate  byte  indicator 
Memory  ready  or  not  ready 
Hold  request  to  CPU 
Hold  acknowledge  from  CPU 
Address  on  Data  Bus  strobe 
DMA  bus  control  enable  and  system 
controller  disable 
Device  select 

Clock  input  (<I>2  TTL  from  8224) 
System  reset 
DMA  service  request 
DMA  service  acknowledge 
Power  and  Ground 


TYPE 
Tristate,  Bidirectional 

Tristate,  Bidirectional 

Output 

Tristate,  Bidirectional 

Tristate,  Bidirectional 

Tristate,  Output 

Tristate,  Output 

Output 

Output 

Input 

Output 

Input 

Output 

Output 

Input 
Input 
Input 
Input 
Output 


Vcc,  GND 

Figure  4-50    8257  DMA  Controller  Signals  And  Pin  Assignments 


The  transfer  of  any  block  of  data  via  DMA  begias  with  an  initial  memory  address,  byte 
count  and  data  transfer  direction  specification  being  loaded  into  appropriate  registers. 
As  each  byte  of  data  is  transferred,  the  Address  register  contents  are  incremented  and 
the  Byte  Count  register  contents  are  decremented. 

Each  of  the  four  DMA  channels  provided  by  a  single  8257  device  has  its  own  pair 
of  Address  and  Byte  Count  registers;  that  means  there  are  eight  such  registers  in 
total.  Each  register  is  addressed  as  a  single  I/O  port  or  memory  location.  For  this  to 
be  possible,  8257  logic  requires  each  register  to  be  accessed  twice;  on  the  first  access, 
the  low  order  byte  of  the  selected  register  will  be  accessed,  while  on  the  second  access 
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the  high  order  byte  of  the  selected  register  will  be  accessed.  This  may  be  illustrated  as 
follows: 


MVi 
OUT 
MVI 
OUT 


A,  DMALO 
DMA2 
A,  DMAHf 
DMA2 


LOAD  LOW  ORDER  DMA  STARTING  ADDRESS 
BYTE  AND  OUTPUT  TO  DMA  CHANNEL  2 
LOAD  HIGH  ORDER  DMA  STARTING  ADDRESS 
BYTE  AND  OUTPUT  TO  DMA  CHANNEL  2 


Address  Register 


D 


Observe  that  a  single  I/O  port  address,  represented  above  by  the  symbol  DMA2, 
accesses  different  halves  of  a  16-bit  register,  when  executed  sequentially. 

As  this  access  procedure  would  imply,  it  is  mandatory  that  whenever  you  access  one  of 
the  8257  DMA  Controller's  16-bit  registers,  you  must  execute  access  instructions  in 
pairs  For  example,  were  you  to  transfer  a  block  of  data  that  is  less  than  256  bytes  in 
length,  you  would  still  have  to  write  a  00  value  into  the  selected  DMA  channel's 
Counter  register  high  order  byte  If  you  did  not  do  so,  then  on  the  next  access  of  the 
Counter  register,  you  would  automatically  select  the  high  order  register  byte  —  which 
may  not  be  what  you  planned  on 

The  need  to  access  DMA  controller  16-bit  registers  via  pairs  of  instructions  has  two 
non-obvious  ramifications 


First,  never  let  CS  become  true  while  l/OR  or  l/OW  are  low,  the  8257  will  be  fooled  into 
thinking  you  just  accessed  a  Controller  register,  and  that  will  mess  up  your  execution  of 
instruction  pairs. 

Second,  disable  interrupts  while  executing  the  pair  of  Controller  register  accesses.  A 
chance  interrupt  splitting  the  two  register  access  instructions  could  cause  a  lot  of  prob- 
lems 


8257  DMA 
CONTROLLER 
DATA  BUS 


The  contents  of  the  selected  DMA  Channel  Address  register  are        8257  DMA 
output  as  a  memory  address  during  each  DMA  access  Of  course,        CONTROLLER 
during  any  single  DMA  access,  only  one  DMA  channel  will  be  ac-        ADDRESS 
tive  —  and  its  Address  register  contents  will  be  placed  on  the  Ad-        BUS 
dress  Bus  The  low  order  eight  bits  of  the  address  are  output 
via  address  lines  AO  -  A7;  the  high  order  eight  bits  of  the  ad- 
dress are  output  on  the  data  lines  DO  -  D7.  The  data  lines  are 
bidirectional  since  they  are  also  used  to  transfer  data  from  the  CPU 
into  any  of  the  8257  registers  or  to  read  registers'  contents  back  to 
the  CPU  Thus  the  data  lines  DO  -  D7  must  be  demultiplexed;  this  is  done  typically 
using  an  8212  I/O  port,  as  illustrated  in  Figure  4-51. 

Recall  that  DMA  control  logic  is  never  involved  In  the  actual  transfer  of  data  under  DMA 
control  Thus  the  data  pins  DO  -  D7  of  the  8257  device  never  transfer  data  to  or  from 
memory  under  DMA.  If  you  are  unclear  on  this  point,  refer  again  to  the  discussion  on 
direct  memory  access  given  in  "An  Introduction  To  Microcomputers:  Volume  I". 

The  four  low  order  address  lines  AO  -  A3  are  bidirectional.  In  order  to  keep  down  the 
number  of  pins  required  by  the  8257  DIP,  these  four  low  order  address  lines  are  used 
to  select  individual  addressable  locations  within  the  8257  device.  This  is  necessary 
because  the  8257  has  nine  addressable  registers;  therefore  the  usual  procedure  of  in- 
cluding register  select  with  device  select  logic  is  not  viable.  Four  register  select  pins 
would  be  needed,  and  that  many  are  simply  not  available. 
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Table  14-13  summarizes  the  way  in  which  8257  addressable  locations  are  iden- 
tified by  the  low  order  four  address  lines. 

Table  14-13.   Addressing  Registers  Within  The  8257  DMA  Controller 


SELECT  CODE 

ADDRESSED  8257  LOCATION 

A3 

A2 

A1 

A0 

0 
.0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
1 
1 
1 
1 
0 

0 
0 
1 
1 

0 
0 

1 
1 

0 

0 
1 

0 
1 

0 
1 
0 

1 

0 

DMA  Channel  0  Address  register* 
DMA  Channel  0  Byte  Count  register* 
DMA  Channel  1  Address  register* 
DMA  Channel  1  Byte  Count  register* 
DMA  Channel  2  Address  register* 
DMA  Channel  2  Byte  Count  register* 
DMA  Channel  3  Address  register* 
DMA  Channel  3  Byte  Count  register* 
Command  register  on  output  or  write 
Status  register  on  input  or  read 

*These  are  16-bit  registers  On  alternate  accesses,  the  low 
order,  then  the  high  order  byte  is  addressed.  The  low  order  byte 
is  accessed  first  following  a  Reset  or  Power-up. 

The  chip  select  input  CS  must  be  low_  before  any  addressable  location  within  the 
8257  device  can  be  accessed.  Thus  CS  must  be  low  for  any  of  the  select  codes  illustr- 
ated in  Table  4-1 3  to  apply  But  CS  must  be  deselected  while  any  DMA  operation  is  ac- 
tually taking  place;  that  is  to  say,  the  8257  device  is  only  selected  while  it  is  a  slave 
device  on  the  System  Bus  and  is  being  accessed  by  the  CPU  under  program  control. 
Once  the  8257  device  is  a  master  of  the  System  Bus  and  is  controlling  the  transfer  of 
data,  then  it  is  no  longer  selectable  In  fact,  logic  within  the  8257  device  disables  CS 
as  an  input  while  conducting  an  actual  DMA  data  transfer.  This  is  necessary  since 
the  8257  DMA  device  could  otherwise  inadvertently  select  itself 


8257  DMA 
CONTROLLER 
PRIORITY 
ARBITRATION 


2) 


External  logic  requiring  direct  memory  access  makes  its  re- 
quest via  one  of  the  four  request  lines  DRQO  -  DRQ3.  If 

more  than  two  sources  simultaneously  request  direct  memory 
access,  then  you  can  program  the  8257  Controller  to  use 
one  of  two  priority  arbitration  schemes: 

1)     In  the  default  case,  priorities  are  permanently  assigned  as  follows:  DRQO  then 
DRQ1,  then  DRQ2,  then  DRQ3 

An  alternative  priority  arbitration  scheme  assigns  priorities  on  a  round  robin  basis; 
the  channel  which  just  had  access  immediately  becomes  the  lowest  priority  chan- 
nel This  may  be  illustrated  as  follows: 

Channel  Just  Serviced:  Start  DRQ2  DRQ1  DRQO 

First  Priority:  DRQO  DRQ3  DRQ2  DRQ1 

Second  Priority:  DRQ1  DRQO  DRQ3  DRQ2 

Third  Priority:  DRQ2  DRQ1  DRQO  DRQ3 

Fourth  Priority:  DRQ3  DRQ2  DRQ1  DRQO 

The  shaded  requests  are  selected. 

The  four  acknowledge  signals  DACKO  -  DACK3  are  used  to  tell  external  logic 
when  a  direct  memory  access  request  has  been  acknowledged  and  is  being  pro- 
cessed. 
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External  logic  will  use  the  direct  memory  access  request  and  acknowledge  signals 
in  one  of  two  ways: 


8257 

DMA  BYTE 
BY  BYTE 


8257  DMA 
BURST  MODE 


1)  Under  normal  circumstances,  external  logic  will  raise  its  DRQ 
signal  whenever  it  is  ready  for  a  direct  memory  access;  it  will 
lower  the  signal  upon  receiving  a  DACK  response. 

2)  In  burst  mode,  external  logic  will  leave  its  direct  memory  ac- 
cess request  DRQ  true  while  an  entire  block  of  data  is  transfer- 
red via  DMA.  We  will  have  more  to  say  about  this  mode  of 
operation  later. 

Now  consider  in  more  detail  the  events  that  constitute  a  direct  memory  access. 

For  a  direct  memory  access  sequence  to  begin,  one  or  more  DMA  requests  must  be  pre- 
sent on  lines  DRQO  -  DRQ3. 


Three  types  of  DMA  access  may  occur: 


1 )     During  a  DMA  read,  the  contents  of  the  memory  location  selected  by  the  DMA  Ad- 
dress register  will  be  transmitted  to  external  logic; 


Selected 

Microcomputer 

DMA  Address 

System 

Register 

Memory 

ppqq -2 

ppqq-1 

ppqq 

XX 

ppqq  +  1 

ppqq  +  2 

To  external 
logic 
via  DMA 


During  a  DMA  write,  external  logic  must  provide  a  byte  of  data  which  will  be  writ- 
ten into  the  memory  word  addressed  by  the  DMA  Address  register: 


Selected 

Microcomputer 

DMA  Address 

System 

Register 

Memory 

XX 

from  external  - 

logic 


ppqq~2 
ppqq-1 

ppqq 

ppqq  +  1 
ppqq  +  2 


:1 


A  DMA  verify  cycle  is  also  provided.  During  a  DMA  verify  cycle,  the  8257  device 
takes  control  of  the  System  Bus  in  the  usual  way;  however,  no  data  is  actually 
transferred  between  memory  and  external  logic  DMA  verify  cycles  are  typically 
used  by  external  logic  which  transfers  data  in  records  —  and  must  be  given  time  to 
compute  cyclical  redundancy  characters  which  are  appended  to  the  record.  For  ex- 
ample, the  DMA  verify  cycle  would  be  used  with  external  logic  interfacing  mag- 
netic storage  devices  such  as  cassettes  and  floppy  disks. 
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The  type  of  DMA  access  which  is  about  to  occur  will  have  been  defined  previously 
under  program  control  via  the  two  high  order  Byte  Count  register  bits  for  the  selected 
DMA  channel  As  this  would  imply,  it  is  the  program  being  executed  by  the  8080A 
CPU  that  determines  the  nature  of  the  DMA  access. 

There  is  no  reason  why  external  logic  could  not  define  the  type  of  DMA  access; 
however,  it  makes  more  sense  for  the  CPU  to  do  so  since  any  program  being  executed 
by  the  CPU  must  know  whether  data  is  being  transferred  into  or  out  of  memory  via 
DMA. 

When  the  8257  device  receives  a  DMA  request  via  a  DRQ  signal,  it  issues  a  Hold 
request  to  the  CPU  via  HRQ.  This  Hold  request  is  maintained  until  acknowledged 

by  the  CPU  via  HLDA.  At  this  point  the  8257  device  has  control  of  the  System  Bus, 
usually  for  a  time  of  four  clock  periods  —-the  time  required  for  a  single  memory  access 
to  occur  However,  the  8257  device  may  extend  the  Hold  period  for  slow  externa! 
devices  by  inserting  Wait  state  clock  periods,  in  the  same  manner  as  the  CPU  performs 
this  operation 

Timing  for  the  onset  of  a  DMA  transfer  may  be  illustrated  as  follows: 


zS 


Notice  that  selected  external  logic  does  not  receive  its  acknowledge  via  DACK  until  the 
onset  of  the  HOLD  condition,  after  HLDA  has  been  received  true  from  the  CPU 

While  the  8257  device  has  control  of  the  System  Bus,  it  mimics  a  CPU  read  or  write 
operation   Notice  that  the  8257  has  all  of  the  necessary  System  Bus  signals: 


Three-Device,  8080A 

8257 

Signals 

Signal 

s  from  Figure  4-33 

from  Figure  4-50 

8080A 

A0- A15 
DBO  -  DB7 

Address  Bus  ) 

JA0-  A7 

8257 

8228 

Data  Bus        J 

*lDB0-DB7 

8257 

8228(25) 

l/OR 

I/O  Read  strobe 

l/OR 

8257(1) 

8228(27) 

l/OW 

I/O  Write  strobe 

l/OW 

8257(2) 
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The  8257  Controller  has  two  special  signals,  needed  by  the  8080A-8257  inter- 
face; they  are  ADD  STB  and  AEN. 

AEN  enables  and  disables  the  8228  System  Controller  When  low,  AEN  provides  the 
8228  System  Controller  with  the  required  low  BUSEN  input  When  high,  AEN  provides 
the  8228  System  Controller  with  a  high  BUSEN  input,  which  causes  the  8228  System 
Controller  to  disconnect  itself  AEN  is  also  connected  to  the  821 2  DS2  select;  the  821 2 
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DS1  select  is  grounded,  therefore  AEN  high  becomes  the  8212  select.  AEN  logic  may 
be  illustrated  as  follows: 


8228 

BUSEN 

DS2 

8212 

DS1 

I 

AEN 

8257 

8212  I/O  Port 
selected 


8228  System 

,  "  Controller     ■— ■ ■ 

enabled 

If  I/O  devices  are  accessed  via  I/O  instructions  in  your  microcomputer  system,  then  you 
have  another  problem —which  you  must  use  AEN  to  solve.  Remember,  I/O  device 
select  logic  will  decode  Address  Bus  lines  AO  -  A7  while  l/OR  or  l/OW  are  true.  Both 
I70R  and  l/OW  are  used  by  the  8257  as  control  signals,  and  that  can  cause  I/O  devices 
to  spuriously  select  themselves  To  solve  this  problem,  make  AEN  low  a  prerequisite  for 
I/O  device  selection. 

ADD  STB  is  a  strobe  output  which  identifies  the  high  order  byte  of  an  address 
being  output  on  the  8257  Controller  Data  Bus.  ADD  STB  must  therefore  be  used  by 
external  logic  to  demultiplex  the  Data  Bus  outputs  from  the  8257  DMA  Controller.  Data 
Bus  contents,  while  ADD  STB  is  high,  must  be  routed  to  the  high  order  eight  Address 

Bus  lines 

In  summary,  therefore,  AEN  is  a  master  enable  signal  whereas  ADD  STB  is  an  ad- 
dress strobe  signal  which  occurs  while  AEN  is  high. 

There  are  many  ways  in  which  external  logic  can  use  AEN  and  ADD  STB;  the  use  illustr- 
ated in  Figure  4-51  is  just  one  possibility,  and  shows  the  8212  I/O  port  configured  as  an 
input  port  with  handshaking;  our  previous  discussion  of  the  8212  I/O  port  covers  this 
port  use  in  detail.  As  configured  in  Figure  4-51,  the  8212  I/O  port  becomes  selected 
whenever  AEN  is  output  high  —at  which  time  the  8228  System  Controller  is  discon- 
nected from  the  System  Bus  The  8212  I/O  port  continuously  receives  as  inputs 
whatever  happens  to  be  transferred  into,  or  out  of  the  8257  DMA  Controller  via  its  data 
pins.  However,  only  at  the  instant  when  ADD  STB  makes  a  low-to-high  transition,  will 
the  data  inputs  be  latched  At  this  instant  the  data  inputs  will  be  the  high  order  byte  of 
a  memory  address  As  illustrated  in  Figure  4-51,  the  output  buffer  of  the  8212  I/O  port 
will  be  continuously  enabled,  since  select  logic  true  will  span  the  entire  period  of  the 
ADD  STB  pulse,  For  this  reason,  the  moment  a  new  high  order  address  byte  is  strobed 
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into  the  821 2  data  latches,  it  will  be  output  immediately  —  and  will  be  maintained  on 
the  high  order  eight  address  lines  until  ADD  STB  is  pulsed  high  again  Timing  may  be  il- 
lustrated as  follows 


xszeol 


U — L_ 
•^t — w 


The  value  output  on  DBO  -  DB7  while  ADD  STB  is  high    (T)   is  maintained  as  the  value 
output  via  A8  -  A1  5   (5)   until  another  ADD  STB  pulse  occurs 

We  are  now  ready  to  describe  timing  for  complete  DMA  access  cycles  Timing  may  be 
illustrated  as  follows; 

DMA  Cycles 


<!>2  (TTL) 


l/OR  or  MEMR 

l/OW  or  MEMW 

READY 
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Let  us  look  at  the  sequence  of  events  illustrated  by  the  timing  diagram  above. 

The  logic  sequence  which  initiates  a  DMA  access  begins  two  clock  periods  in  advance 
of  the  DMA  access.  That  is  to  say.  once  the  8257  DMA  Controller  senses  a  high  DRQ  in- 
put, it  will  take  at  least  two  clock  periods  before  the  8257  device  gains  control  of  the 
System  Bus.  DRQ  is  sampled  on  the  trailing  edge  of  the  <I>2  clock,  as  illustrated 
by  ©  above.  Upon  sensing  one  or  more  DRQ  lines  high,  8257  logic  requests  a  Hold 
condition  by  outputting  HRQ  high  on  the  leading  edge  of  the  next  $2  pulse,  as  illustr- 
ated by  (2)   . 

The  CPU  will  respond  to  HRQ  high  by  entering  a  Hold  state.  The  Hold  state  is 
acknowledged  by  HLDA  being  output  high.  This  will  occur  prior  to  the  trailing  edge  of 
the  $2  pulse,  as  illustrated  by  ©  above.  This  marks  the  beginning  of  the  clock  cycles 
during  which  the  8257  device  takes  control  of  the  System  Bus.  While  it  is  possible  for 
HLDA  to  be  output  high  on  the  <P2  clock  pulse  that  follows  HRQ  being  output  high,  this 
may  not  be  the  case.  In  fact,  the  time  delay  between  HRQ  and  HLDA  determines  the 
maximum  rate  at  which  data  may  be  transferred  under  DMA  control  — a  topic  we  will 
address  shortly. 

As  soon  as  the  8257  device  gains  control  of  the  System  Bus,  it  outputs  AEN  high  in 
order  to  disable  the  8228  System  Controller,  and  select  the  821 2  Data  Bus  demultiplex- 
ing I/O  port  This  is  illustrated  by  ©  above.  Note  that  it  is  AEN  being  output  high 
which  disables  the  8228  System  Controller  and  gives  the  8257  device  complete  mas- 
tery of  the  System  Bus. 

Now  that  the  8257  device  has  control  of  the  System  Bus,  it  can  start  mimicking  read  or 
write  signals.  For  either  a  DMA  read  or  write,  the  required  memory  address  must  appear 
on  the  Address  Bus  The  low  order  byte  of  the  memory  address  is  output  via  the  8257 
AO  -  A7  pins,  on  the  leading  edge  of  the  <t>2  clock  during  the  DMA  T-|  clock  period  This 
is  illustrated  by  ©  above.  The  low  order  address  byte  is  output  directly,  from  the  Ad- 
dress register  for  the  selected  DMA  channel,  to  the  low  order  eight  address  lines  of  the 
System  Address  Bus.  The  address  remains  stable  until  the  leading  edge  of  the  first  <$2 
clock  pulse  cycle  following  T4  This  is  illustrated  by  ©  above. 

The  high  order  byte  of  the  memory  address  is  output  via  the  data  pins  DO  -  D7  of  the 
8257  device.  This  is  illustrated  above  by  ©  We  have  just  discussed  how  ADD  STB 
is  pulsed  high  (  ©  above)  in  order  to  latch  the  Data  Bus  output  into  the  8212  I/O 
demultiplexing  port  Thoughnot  shown  in  the  timing  diagram  illustrated  above,  the 
ADD  STB  high  pulse  (  @  above)  will  cause  the  contents  of  the  Data  Bus 
(  (9)  above)  to  appear  on  the  high  order  eight  address  lines  of  the 'System  Address 
Bus.  Thus  all  16  address  lines  have  been  output 


If  a  DMA  read  operation  is  to  occur,  then  the  MEMR  low  pulse  {  (jj)  above)  strobes 
data  from  memory  onto  the  System  Data  Bus.  Data  must  be  stable  for  the  duration  of 
this  pulse  On  the  next  $2  high-going  pulse  l/OW  goes  low  (  ©  above)  to  indicate 
that  data  is  stable  and  can  be  read  by  external  logic. 

During  a  DMA  write  operation,  l/OR  low  (  @  above)  strobes  data  from  external  logic 
onto  the  Data  Bus.  Then  a  low  level  on  MEMW  (  ©  above)  indicates  that  data  is  sta- 
ble and  can  be  written  to  memory. 

In  the  event  that  externa!  logic  cannot  respond  to  a  write  within  the  four  clock  periods 
of  a  normal  DMA  cycle,  then  the  READY  signal  must  be  input  low  in  advance  of  the  $2 
pulse  during  T2,  as  illustrated  by    ©    above. 

The  termination  of  the  DMA  operation  is  timed  by  the  T4  <i>2  pulse  and  the  3>2  pulse  of 
the  next  clock  period.  Termination  logic  is  illustrated  by  ©  ,  ©  and  ©  .  This 
termination  logic  is  quite  straightforward;  it  simply  dovetails  with  the  sequence  in 
which  events  occur  during  the  first  clock  period  of  any  normal  8080A  instruction  ex- 
ecution machine  cycle. 
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Note  very  carefully  that  the  timing  illustrated  above  represents  the  sequence  of 
events  surrounding  data  transfer  between  external  logic  and  memory.  When  8257 
DMA  device  internal  registers  are  accessed,  either  to  read  or  write  a  byte  of  data,  timing 
is  exactly  the  same  as  it  would  be  for  any  memory  reference  or  I/O  instruction's  execu- 
tion. 

There  are  two  signals  output  by  the  8257  device  which  are  very  valuable  when 
transferring  blocks  of  data  via  DMA;  these  two  signals  are  TC  and  MARK. 

TC  is  a  terminal  count  signal.  This  signal  is  output  on  the  terminal  data  byte  of  a 
record  —  that  is,  when  the  count  in  the  currently  selected  Count  register  is  0,  indicat- 
ing that  the  byte  being  transferred  via  this  DMA  channel  will  be  the  last  for  the  current 
data  block  Since  the  last  byte  is  byte  0,  the  byte  count  should  be  initiated  with 
N-1,  if  N  bytes  are  to  be  transferred.  External  logic  may  use  the  TC  signal  in  order  to 
initiate  "end  of  data  transfer"  operations.  If,  for  example,  blocks  of  data  are  being 
transferred  under  burst  mode,  then  external  logic  will  lower  its  DMA  request  following 
the  next  DMA  acknowledge,  in  order  to  prepare  for  the  next,  block  of  data  transfer  This 
may  be  illustrated  as  follows  for  DMA  Channel  1 


-T 


.     ^j. 


\J         LT 


\I 


The  MARK  signal  outputs  true  at  128-byte  intervals. 

The  MARK  signal  is  particularly  useful  when  the  8257  device  is  being  used  to  create  in- 
terface logic  for  magnetic  storage  devices  such  as  floppy  disks  or  tape  cassettes  which 
store  data  in  contiguous  128-byte  or  256-byte  records 

PROGRAMMING  THE  8257  DMA  CONTROLLER 

To  the  programmer,  the  8257  DMA  Controller  will  appear  to  be  either  16  I/O  ports 
or  16  memory  addresses.  Assuming  that  address  pins  AO  -  A7  of  the  8257  device  are 
connected  to  corresponding  address  lines  of  the  Address  Bus,  then  the  I/O  port  or 
memory  addresses  will  be  contiguous. 

Address  lines  AO  -  A3  are  bidirectional  so  that  they  may  be  used  additionally  as 
register  addressing  inputs  once  a  particular  8257  device  hasbeen  selected  via  CS. 

No  rules  peculiar  to  the  8257  device  govern  the  way  in  which  CS  should  be  generated 
Here  is  one  simple  possibility,  where  the  8257  device  is  being  accessed  as  1 6  I/O  ports: 


AO- 
Al  ■ 
A2. 
A3- 

A4 
A5 
A6 
A7 


•  AO 
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•  A2 

■  A3 


One  of  16 
Decoder 

^ 
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If  the  8257  device  is  being  accessed  as  16  I/O  ports  then  control  lines  should  be 
connected  as  follows: 


MEMR 


MEMW 
l/OR 

TTow 


-  MEMR    I 

.  MEMW  f   8080A 

•  l/OR       ?  System 

•  I7ow    I 


These  are  the  only  changes  needed  if  you  are  going  to  access  the  8257  device  as 
16  memory  locations: 


MEMR 


MEMW 
l/OR 
l/OW 


■  l/OW      I 
•I70R       l8080A 

■  MEMR     (  SYstem 

■  MEMW  1 


As  we  are  going  to  describe  shortly,  there  are  additional  changes  in  the  program  control 
word  interpretation  when  the  8257  device  is  being  accessed  as  memory  locations 

You  must  load  appropriate  information  into  Address  registers,  Count  registers  and 
a  programmed  Command  register,  before  you  can  initiate  transfer  under  DMA  con- 
trol. 

Loading  the  Address  register  is  self  evident;  using  two  contiguous  memory  write  or 
I/O  instructions,  you  must  load  the  low  and  high  order  bytes  of  the  starting  memory  ad- 
dress for  the  next  DMA  transfer 

Next  you  must  load  the  byte  count  into  the  associated  Count  register.  The  two 

high  order  bits  of  the  Count  register  are  read  and  write  control  bits. 

The  contents  of  the  two  high  order  Count  register  bits  will  have  different  interpretations 
depending  on  whether  the  8257  device  is  being  accessed  as  16  or  I/O  memory  loca- 
tions The  two  cases  are  defined  as  follows; 


Bit  No. 

I/O  Ports 

Memory  Locations 

Verify  DMA  Cycle 

Verify  DMA  Cycle 

Write  DMA  Cycle 

Read  DMA  Cycle 

Read  DMA  Cycle 

Write  DMA  Cycle 

Illegal 

Illegal 

Actual  DMA  transfers  are  enabled,  along  with  programmable  op- 
tions, by  outputting  an  appropriate  Control  Command  to  the  Con- 
trol register  This  is  how  individual  bits  of  the  Control  register  will 
be  interpreted 


8257 

CONTROL 

COMMAND 


7    6    5    4    3    2     1 


it  a   .  ji  n  n  n  i. 


o  - 

0- 


■  Bit  No. 

-  Control  Command 


0  =  Disable,  1  =  Enable 


■  0  =  Sequential  priorities 

-  0  =  Normal  write  pulses 

-  1  for  TC  Stop  option 

*  1  for  Auto  load  option 


1  =  Rotating  priorities 
1  =  Extended  write  pulses 


Reset  automatically  sets  all  Control  Command  bits  to  0 
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Always  disable  DMA  channels  when  they  are  not  in  use.  Never  enable  a  DMA 
channel  until  all  its  registers  have  been  completely  programmed.  Look  upon  a 
channel  enable  as  the  DMA  initialization. 

Let  us  look  at  the  Control  Command  in  more  detail. 

Bits  0  through  3  simply  enable  or  disable  the  four  DMA  channels  of  the  8257  device. 

Bit  4  allows  you  to  select  the  rotating  priority  or  permanent  priority  option  when  resolv- 
ing external  DMA  request  conflicts 

Extending  the  memory  write  or  I/O  pulse,  via  bit  5,  is  an  intriguing  feature  of  the  8257 
device.  What  this  programmable  option  does  is  allow  the  memory  write  or  I/O  write 
pulse  to  go  true  sooner  than  normal  in  a  time  period,  giving  external  logic  more  time  to 
identify  the  need  for  Wait  states  This  may  be  illustrated  as  follows 


n n 


l/OW  or  MEMW 


Y^  N( 


l/OW  or  MEMW 


Notice  that  slow  external  logic  will  not  need  Wait  states  when  reading  from  memory  So 
long  as  data  has  been  read  off  the  Data  Bus,  the  data  can  be- manipulated  after  the  CPU 
has  regained  system  control 

If  Control  Command  bit  6  is  set,  then  a  high  TC  pulse  will  automatically  disable  the  ap- 
propriate channel  after  its  last  byte  is  transferred.  This  ensures  that  DMA  transfers  will 
cease  even  if  external  logic  fails  to  lower  its  DMA  request  The  channel  can  be  re- 
enabled  only  when  the  8080A  CPU  writes  a  Control  Command  which  sets  that  chan- 
nel's enable  bit., 

In  auto  load  (Control  Command  bit  7  set)  Channel  2  is  not  affected  by  TC  Stop 

The  auto  load  option  allows  a  sequence  of  records  to  be  transferred  via  DMA, 
without  having  to  re-initialize  the  Address  register  and  Byte  Count  register  prior 
to  each  record's  transfer. 

The  auto  load  option  only  works  with  DMA  Channel  2  and  it  requires  DMA  Channel  3  to 
be  set  aside  as  a  Channel  2  buffer  While  a  data  record  is  being  transferred  via  DMA 
Channel  2,  program  logic  must  load  appropriate  address  and  byte  count  information 
into  Channel  3  registers  in  order  to  identify  the  next  record  which  will  be  transferred  via 
DMA  Channel  2.  When  the  DMA  Channel  2  Byte  Count  register  counts  out,  Channel  3 
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registers'  contents  are  automatically  read,  nondestructively,  into  Channel  2  registers; 
and  the  next  data  record  is  transferred.  This  may  be  illustrated  as  follows: 


T3    T4 


m  aid 


.AAJWL 


Last  byte  of  record 
transferred,  then  reload: 


First  byte  of  next 
record  transferred 


C 


BYTE  COUNT  3 


BYTE  COUNT  2 


} 


W,hen  Channel  2's  Address  and  Byte  Count  registers  are  loaded,  the  same  data  will  be 
loaded  automatically  in  Channel  3's  registers 

Now  if  parameters  do  not  change  with  each  re-execution  of  a  DMA  transfer  via  Channel 
2,  then  you  can  simply  leave  the  Channel  2  initial  address  and  byte  count  values  in 
Channel  3  registers  Suppose  for  example,  that  a  256-byte  record  must  be  continuously 
re-read  out  of  a  fixed  memory  buffer.  This  assumes  that  program  togic  is  arTIe  to  stay 
ahead  of  the  DMA  transfer  continuously  re-loading  the  data  buffer, 

But  it  is  perfectly  reasonable  to  transfer  chained  records  under  DMA  control,  whereby 
for  each  succeeding  record  transfer  read  via  DMA,  a  different  area  of  memory  is  ac- 
cessed Now  while  one  record  is  being  transferred  under  DMA  control  via  DMA  Channel 
2,  parameters  for  the  next  record  may  be  loaded  into  DMA  Channel  3  registers.  This 
may  be  illustrated  as  follows: 


#2  (TTL) 
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Write 

parameters 
for  Block  1 
to  DMA2 
Registers 


Transfer  Block  1 
via  DMA2 
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Write 
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for  Block  2 
to  DMA3 
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Transfer  DMA3  registers 
to  DMA2  registers,  then 
transfer  Block  2  via  DMA2 
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to  DMA3 
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It  is  only  necessary  to  ensure  that  you  do  not  attempt  to  write  data  into  Channel  3 
registers  at  the  very  instant  that  this  data  is  being  transferred  to  Channel  2  registers.  In 
order  to  make  sure  that  this  does  not  happen,  a  special  status  (bit  4  of  the  Status 
register)  goes  true  from  the  terminal  count  (TC  high  pulse),  until  the  beginning  of  the 
next  record's  first  DMA  access. 
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The  Update  status  is  just  one  of  eight  status  flags  that  may  be  read 

at  any  time  out  of  the  8257  device's  Status  register  As  is  standard 

in  most  8080A-type  peripheral  devices,  the  address  of  the  Status 

register   is   identical    to   the   address   of   the   Control   Command 

register   The  Status  register  is  accessed  when  reading  and  the 

control  accessed  when  writing    Here  is  the  way  in  which  Status  register  bits  have 

been  assigned: 


8257  DMA 
CONTROLLER 
STATUS 
FLAGS 


TC  status  for  DMAO 
TC  status  for  DMA  1 
TC  status  for  DMA2 
TC  status  for  DMA3 
Update  status 
Unassigned 

The  Update  status  flag  we  have  just  described. 

The  Terminal  Count  flags  simply  indicate  the  condition  of  the  Terminal  Count  sig- 
nal, as  it  would  apply  to  individual  DMA  channels.  Recall  that  there  is  only  one  ter- 
minal count  signal  output,  and  this  signal  must  be  shared  by  all  four  DMA'channels.  If 
more  than  one  DMA  channel  is  active,  then  the  Terminal  Count  signal  will  become  true- 
during  the  penultimate  DMA  access  for  every  DMA  channel 

Programs  should  therefore  use  Terminal  Count  status  bits  in  order  to  determine 
whether  a  record  being  transferred  via  any  DMA  channel  has  been  completely  transfer- 
red 

When  you  read  the  contents  of  the  Status  register,  all  bits  except  the  update  flag  are 
automatically  cleared.  The  update  flag  is  not  affected  by  a  status  read 

DMA  TRANSFER  RATES 

Recall  from  our  discussion  of  the  Hold  state  earlier  in  this  chapter,  that  the  CPU  will  only 
acknowledge  a  Hold  request  upon  completing  all  memory  accesses,  this  is  illustrated  in 
Figure  4-10.  The  CPU  will  therefore  overlap  the  Hold  state  to  some  extent,  while  com- 
pleting CPU  only  operations  during  machine  cycles;4  and/or  5. 

Note  also  that  a  Hold  request  will  be  acknowledged  at  the  conclusion  of  a  machine  cy- 
cle, even  if  an  instruction  is  in  mid-execution.  The  SHLD  instruction,  for  example,  re- 
quires five  machine  cycles  to  execute,  as  illustrated  in  Figure  4-25  Nevertheless,  were 
the  8257  device  to  request  a  Hold  via  HRQ  during  machine  cycle  2,  then  the  Hold 
would  be  acknowledged  at  the  conclusion  of  MC2  (T3)  — that  is  right  before  the  start 
of  machine  cycle  3,  Under  these  circumstances,  the  complete  DMA  transfer  would  oc- 
cur between  machine  cycles  2  and  3  of  the  SHLD  instruction's  execution 

THE  8253  PROGRAMMABLE  COUNTER/TIMER 

This  is  a  programmable  device  which  contains  three  sets  of  timing  Jogic.  Each  set 
of  timing  logic  can  be  programmed  independently  as  an  interval  timer,  a  one-shot, 
a  clock  signal  generator,  or  an  event  counter. 

The  8253  Counter/Timer  is  a  very  significant  device  in  any  digital  logic  oriented 
microcomputer  application.  One  of  the  more  striking  general  weaknesses  of 
microprocessors  on  the  market  today  is  their  inflexibility  when  it  comes  to  pro- 
cessing individual  signals.  The  8253  Counter/Timer  goes  a  long  way  towards 
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PIN  NAME 

DESCRIPTION 

TYPE 

DO- 

D7 

Data  Bus 

Tristate,  Bidirectional 

CO 

Timer  0  clock 

Input 

00 

Timer  0  output 

Output 

GO 

Timer  0  gate 

Input 

C1 

Timer  1  clock 

Input 

01 

Timer  1  output 

Output 

G1 

Timer  1  gate 

Input 

C2 

Timer  2  clock 

Input 

02 

Timer  2  output 

Output 

G2 

Timer  2  gate 

Input 

AO, 

M 

Register  select 

input 

CS 

Chip  select 

Input 

IOR 

Read  control 

Input 

IOW 

Write  control 

Input 

Vcc 

GND 

Power  and  Ground 

Figure  4-52    8253  Counter/Timer  Signals  And  Pin  Assignments 

alleviating  this  problem  —  either  within  an  8080A,  or  in  any  other  microcomputer 
system  —  since  the  8253  can  be  used  with  any  microprocessor  described  in  this 
book. 

If  yours  is  a  digital  logic  application,  we  urge  you  to  consider  the  possibilities  of 
the  8253. 

The  8253  is  fabricated  using  N-channel,  depletion  load  technology;  it  is  packaged 
in  a  24»pin  plastic  DIP.  All  pins  are  TTL  compatible. 

8253  COUNTER/TIMER  PINS  AND  SIGNALS 

8253  Counter/Timer  pins  and  signals  are  illustrated  in  Figure  4-52  These  pins  and  sig- 
nals are  described  in  conjunction  with  a- general  discussion  of  8253  organization  logic 
and  capabilities 

Each  of  the  three  sets  of  timer  logic  consists  of  a  1 6-bit  counter  and  three  control 
signals: 


Clock  (Decrement  control) 

Output 

Gate/Control 
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8253  COUNTER/ 

TIMER 

OPERATION 


cs 

AO 

A1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

X 

X 

The  counter  will  decrement  by  one  on  each  falling  edge  of 
the  clock  signal  C.  Note  that  this  signal  may  be  synchronous 
or  asynchronous  If  synchronous,  it  is  a  traditional  clock  signal 
and  the  timer  is  being  used  to  measure  time  intervals: 

cc:::  Jk n* fh n       n>       n> 

X-1  X-?  X-3  X-4  X-5  X-6 

X  represents  any  initial  16-bit  Timer  value. 

If  the  clock  signal  is  asynchronous,  then  the  timer  is  being  used  as  an  event  counter;  it 
counts  the  number  of  times  the  clock  signal  input  has  made  a  high-to-low  transition. 
Clock  frequencies  may  vary  from  0  (DC)  to  2  MHz 
The  Gate  input  (G)  is  used  variously  to  initiate  or  suspend  timer  operation. 

Timer  results  are  output  via  the  output  signal  (0),  which  may  be  used  as  a  one-shot 
pulse,  interrupt  request  or  simple  control  signal 

To  the  programmer,  the  8253  Counter/Timer  appears  as  four  memory  locations  or  I/O 
ports.  These  are  selected  as  follows: 

Select  Counter/Timer  0 
Select  Counter/Timer  1 
Select  Counter/Timer  2 
Select  Control  register 
Device  not  selected 

The  signals  RD  and  WR,  are  standard  read  and  write  control  signals.  If  the  8253 

Counter/Timer  is  being  accessed  as  I/O  ports,  then  RD  and  RW  will  be  connected  to 
l/OR  and  l/OW,  respectively;  these  are  I/O  read  and  write  control  signals  output  by  the 
8228  System  Controller  If  the  8253  Counter/Timer  is  being  accessed  as  memory  loca- 
tions, then  RD  and  RW  will  be  connected  to  MEMR  and  MEMW,  respectively,  these  are 
the  memory  read  and  write  control  signals  output  by  the  8228  System  Controller. 

A  low  RD  pulse  causes  data  from  the  selected  8253  location  to  be  placed  on  the  Data 
Bus. 

A  low  WR  pulse  causes  data  on  the  Data  Bus  to  be  placed  in  the  addressed  8253  loca- 
tion. 

The  Control  register  is  a  write-only  location.  If  you  attempt  to  read  from  this  location, 
then  no  operation  will  occur  and  the  Data  Bus  will  be  floated  at  the  8253 
Counter/Timer  interface 

The  Data  Bus  is  floated  while  the  8253  Counter/Timer  is  selected  and  neither  RD  or  WR 
is  pulsed  low. 

Notice  that  each  16~bit  Counter/Timer  register  is  accessed  as  a  single  addressable 
unit.  When  reading  into  or  writing  out  of  1 6-bit  registers,  the  prior  Control  code  deter- 
mines whether  the  high  order  byte  or  the  low  order  byte  will  be  accessed. 

Data  may  be  written  into,  or  out  of  the  8253  Counter/Timer  via  the  data  pins  DO  -  D7, 
The  Control  register,  however,  is  a  write  only  location;  its  contents  cannot  be  read 

8253  COUNTER/TIMER  PROGRAMMABLE  OPTIONS 

We  will  begin  our  discussion  of  8253  Counter/Timer  options  by  describing  the 
Control  code  which  must  be  written  into  the  Control  register.  Subsequently  the 
various  operating  modes  will  be  discussed,  along  with  appropriate  examples. 

4-149 


This  is  the  general  format  for  the  control  code: 


7    6    5    4    3    2    10 

I  I  I  I  1  1  I  I 


i     i 

[       J 

p 

Bit  No. 
Control  Register 

0,  selected  Counter  contents  treated  as  a  binary  value. 

1 ,  selected  Counter  contents  treated  as  a  BCD  value, 

000  Select  Mode  0 

001  Select  Mode  1 
X 10  Select  Mode  2 
X11  Select  Mode  3 

100  Select  Mode  4 

101  Select  Mode  5 

00  Latch  Counter  data  into  buffer 

10  Select  high  order  byte 

01  Select  low  order  byte 

1 1  Access  register  twice,  low  order  byte,  then  high  order  byte 

00  Select  Counter/Timer  0 

01  Select  Counter/Timer  1 

10  Select  Counter/Timer  2 

1 1  Illegal 

X  may  be  0  or  1 

When  a  Counter/Timer  is  "selected"  via  Control  code  bits  7  and  6,  the  selection  applies 
to  the  rest  of  the  control  code,  in  other  words,  you  are  specifying  which  Counter/Timer 
is  having  its  options  set. 

it  does  not  matter  which  Counter/Timer  you  select  via  a  control  code,  the  next  8253  ac- 
cess can  still  address  any  one  of  the  three  Counter/Timers  — or  the  Control  register 
The  byte  of  the  Counter/Timer  that  will  be  selected,  however,  depends  on  the  pre- 
viously executed  control  code. 

When  the  8253  is  reset,  or  in  the  absence  of  any  Control  codes  output  for  a 
Counter/Timer,  all  0  values  are  assumed  for  relevant  Control  code  bits. 

Bit  0  of  the  Control  code  allows  you  to  select  binary  or  decimal  numeric  logic  for  each 
Counter.  If  you  select  binary  logic,  then  you  may  load  a  Counter  with  any  value,  ranging 
from  0000-]  e  through  FFFF-jg.  The  Counter  times  out  when  it  decrements  to  0, 
therefore  the  largest  value  you  can  load  is  0000-|g  When  decrementing  with  binary 
logic,  this  will  cause  a  timeout  after  65,536iq  counts. 

If  you  select  decimal  mode  for  any  Counter/Timer,  then  you  must  load  the  Timer  with 
some  valid  decimal  number  in  the  range  0000iq  through  9999-j q  The  Counter/Timer 
will  decrement  only  in  the  range  of  valid  decimal  numbers.  Once  again,  however,  load- 
ing 0000-jQ  will  provide  the  longest  time  interval,  equivalent  to  10,000  counts 

We  will  now  examine  the  six  modes  in  which  the  8253 
Counter/Timer  may  operate  But  first  a  word  of  clarification.  The 
three  Counter/Timers  are  completely  separate  and  indepen- 
dent entities,  such  that  neither  the  mode  nor  the  logic  condition 
of  one  Timer  has  any  impact  whatsoever  on  another  Timer  That  is  to  say,  the  three 
Timers  can  be  operated  in  any  combination  of  modes  and  they  can  be  started  or  stop- 
ped independently 

Let  us  now  consider  the  six  modes  in  detail. 


8253 

COUNTER/ 
TIMER  MODES 
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Mode  0.  This  is  referred  to  as  "interrupt-on-terminal-count"  and  may  be  illustrated  as 
follows: 


AAA... 


T 


Mode  0  Count  Reload  count 

set  out  to  0  or  reset  mode 

When  a  Control  code  is  output  selecting  Mode  0  for  a  Counter,  that  Counter's  output  0 
is  set  low.  The  Counter  must  be  loaded  with  an  appropriate  count  before  or  after  the 
Counter  is  selected  with  Mode  0  As  soon  as  the  Counter  has  been  loaded,  it  will  start 
the  count  down;  on  decrementing  to  0,  the  output  will  go  high  and  will  remain  high  un- 
til the  Counter  is  reloaded  or  reset 

Now  the  instant  at  which  the  Counter  starts  to  decrement  will  depend  on  the  byte  ac- 
cess which  was  specified  by  bits  5  and  4  of  the  Control  code  This  may  be  illustrated  as 
follows: 

Control  Bits 
5        4 

1        0  Store  data  in  high  order  Counter  byte,  clear  low  order 

Counter  byte  and  start  decrementing. 

0  1  Store  data  in  low  order  Counter  byte,  clear  high  order 

Counter  byte  and  start  decrementing 

1  1  Expect  two  Counter  byte  accesses   Store  first  byte  in  low 

order  Counter  eight  bits,  store  second  byte  in  high  order 
Counter  eight  bits;  after  receiving  second  byte,  start 
decrementing 

The  following  instruction  sequence  accesses  Counter/Timer  1  in  Mode  0,  specifying 
binary  counting  and  128  counts  before  0  will  be  output  high: 

MVI  A,50H        .OUTPUT  CONTROL  CODE 

OUT  7 

MVI  A,80H        ;OUTPUT  INITIAL  COUNTER/TIMER  VALUE 

OUT  5 

This  instruction  sequence  assumes  I/O  addresses  4,  5,  6  and  7  select  the  8253  device 
In  Mode  0  you  can  read  the  Counter/Timer  contents  at  any  time  —  but  this  requires 
a  special  programming  technique,  since  you  are  reading  a  value  which  may  change 
while  being  read,  this  special  technique  is  described  after  the  six  modes.  You  can  also 
write  into  the  Counter/Timer  at  any  time;  but  if  you  do,  the  Counter/Timer  will  start 
decrementing  again,  beginning  with  the  new  value  loaded  into  the  Counter/Timer.  This 
may  be  illustrated  as  follows 

JVAAA...JUU\A.AAAA_nJU\A 

1 1 (       t- 


Mode  0  set.  Counter  has 


Reload  count 


load  02F016  decremented  to  counted  or  reset  mode 

into  Counter  008E16;  reload  out  to  0 

with  3100 
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If  you  write  into  a  Counter/Timer  while  the  Counter/Timer  is  decrementing,  then 
the  decrementing  process  stops  as  soon  as  you  write  the  first  byte  into  the 
Counter/Timer.  The  decrementing  process  starts  again  as  soon  as  you  have  written  the 
second  byte  into  the  Counter/Timer  The  Counter/Timer  is  inactive  during  the  time  in- 
terval between  writing  the  first  and  second  bytes 

Mode  1 .  This  is  referred  to  as  a  programmable  one-shot  mode  and  may  be  illustrated  as 
follows 


JWUL 


Mode  1  set 
and  Counter 
loaded 


Start 

decrementing 

Counter/Timer 


Mode  1  differs  from  Mode  0  in  that  the  Counter  does  not  start  to  decrement  until  trig- 
gered by  input  G  Since  input  G  initiates  the  time  interval,  reloading  the  Counter  while  it 
is  decrementing  has  no  effect  on  the  current  time  interval  This  may  be  illustrated  as 
follows: 


jvuuu. 


Mode  1  set 

Load        8016         Start 

Load 

2FOia 

Start 

3E016 

with  8016 

2F016       counted   counting 

3E016 

counted 

counting 

counted 

in  Counter 

into          out           out 

into 

out 

out 

out 

Counter                    2F0lfi 

Counter 

3E016 

The  one-shot  is  retriggerable  Whenever  a  rising  edge  of  G  occurs,  the  time  interval  will 
be  restarted,  whether  or  not  the  Counter  has  counted  out  to  0.  This  may  be  illustrated 
as  follows: 


J\f\J\J\...IU\J\J\ 
<$\ <£V- 


Mode  1 

Stan 

Restart 

3F016 

set 

counting 

counting 

counted 

with 

3F016 

3F016 

out  after 

3F016 

out 

out 

most  recent 

in  Counter 

G  trigger 
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If  the  Counter  was  reloaded  after  G  had  triggered  a  one-shot,  then  on  a  retrigger,  the 
new  Counter  value  will  be  used   This  may  be  illustrated  as  follows: 


JUUUl 


Mode  1  set     Start  counting      Reload  2E01fi       Restart  counting 
with  3F016       3F0,6  out  into  Counter        2E016  out 

in  Counter 


2E016  counted 
out  after 
most  recent 
G  trigger 


The  following  instruction  sequence  accesses  Counter/Timer  0  logic  in  Mode  1.  with 
BCD  timing  assumed,  and  3000] q  as  the  initial  Timer  constant: 


MVI 

23H 

.OUTPUT  CONTROL  CODE 

OUT 

7 

MVI 

30H 

;OUTPUT  3000  DECIMAL  TO 

OUT 

4 

,T!MER  0 

The  above  instruction  sequence  assumes  that  the  8253  device  is  selected  by  I/O  port 
addresses. 4,  5,  6  and  7 

The  Control  code  output  to  I/O  Port  7  specifies  that  a  byte  of  data  will  be  output  only  to 
the  high  order  eight  bits  of  the  Timer.  The  low  order  eight  bits  will  be  set  to  00  Thus  the 
decimal  value  3000  is  created  in  the  Timer  by  outputting  30  to  the  high  order  eight  bits 

Mode  2.  This  is  referred  to  as  the  rate  generator  mode  and  may  be  illustrated  as 
follows: 

"N"  clock  pulses,  where   - 
"N"  is  the  initial  Counter  value  ' 


Set  Mode  2 
then  load  Counter 


Counter  has  initial 
value  restored  and 
restarts  counting  on 
this  clock  pulse 

The  Counter  register  does  not  have  to  be  reloaded  Once  set  with  an  initial  value,  low  O 
pulses  will  be  output  indefinitely,  with  the  Counter  register  contents  controlling  the 
number  of  C  pulses  between  each  O  pulse 

In  Mode  2,  the  Counter  identifies  a  time  interval  which  will  occur  between  low  pulses  of 
output  O  The  output  O  low  pulse  lasts  1  clock  pulse 
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If  you  reload  the  Counter,  the  current  time  interval  is  not  affected,  but  the  new  Counter 
value  will  determine  the  duration  of  the  next  time  interval.  This  may  be  illustrated  as 
follows: 

c    AAA.A     AAAAAAAA 


f 

Set  Mode  2 

f 

Load 

V 

02E016 

Y 

1080lfl 

then  load 

Counter 

is 

is 

Counter 

with 

counted 

counted 

with  02F016 

10801fi 

out 

out 

In  Mode  2,  input  G  operates  as  a  reset  signal  If  input  low,  G  immediately  forces  O  high. 
When  subsequently  input  high,  G  initiates  a  new  time  interval,  thus  input  G  may  be 
used  to  synchronize  a  Mode  2  Counter  with  external  logic,  This  may  be  illustrated  as 
follows: 


■  Number  of  clock 
pulses  equals 
initial  value 
of  Counter 


AAAA rUV....J\J\AA...rU\AJV 


v — 


Set  Mode  2 

Counter 

Counter  starts 

Stop  Counter 

Restart 

Counter  counts 

then  load 

counts 

counting  at 

and  restore 

Counter 

out  this  clock  cycle, 

Counter 

out 

initial  value 

initial  value 

following  restart 

Notice  that  in  Mode  2,  the  output  0  remains  high  in  the  time  interval  between  a  Control 
code  selecting  Mode.  2  and  an  initial  Counter  value  being  loaded  into  the  selected 
Counter  Thus,  whereas  input  G  can  be  used  to  synchronize  a  Counter  in  mid-execu- 
tion, program  control  can  be  used  to  synchronize  the  Counter  initially 

The  following  instruction  sequence  illustrates  Timer  2  logic  being  accessed  in  Mode  2: 

:OUTPUT  CONTROL  CODE 

;OUTPUT  02F0  TO  COUNTER/TIMER  2 


MVI 

B4H 

OUT 

7 

MVI 

FOH 

OUT 

6 

MVI 

02H 

OUT 

6 

The  instruction  sequence  illustrated  above  shows  the  two-byte  value  02F0  being 
loaded  into  the  Counter  register  associated  with  Timer  2  logic.  This  specification  is 
made  by  setting  bits  5  and  4  of  the  Control  code  to  1 1 ;  it  also  means  that  two  bytes  of 
initial  Counter  value  must  be  output  in  succession,  with  the  low  order  byte  being  out- 
put first.  The  instruction  sequence  again  assumes  that  the  Counter/Timer  will  be  ac- 
cessed as  I/O  Ports  4,  5,  6  and  7  I/O  Port  6  therefore  corresponds  to  the  Counter 
register  for  Timer  2  logic,  and  sequential  accesses  of  I/O  Port  6  store  a  byte  of  data  into 
the  low  order,  then  the  high  order  eight  bits  of  the  Counter  register  associated  with 
Timer  2  logic  Since  the  0  bit  of  the  Control  code  is  0,  Counter  register  contents  will  be 
interpreted  as  binary  data. 
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As  soon  as  a  byte  of  data  has  actually  been  deposited  in  the  high  order  eight  bits  of  the 
Timer  2  logic  Counter  register,  this  register  will  start  to  decrement  Notice  that  the  clock 
signal  input  to  Timer  2  logic  need  not  be  derived  from  the  microcomputer  system  clock, 
nor  need  it  be  related  to  this  clock  in  any  way.  Very  precise  interval  timing  can  therefore 
be  difficult  to  achieve  in  Mode  2  —  if  you  initiate  the  time  interval  by  loading  the  Timer 
register;  it  is  quite  easy  to  be  one  or  two  clock  cycles  off.  Using  the  gate  input  signal  G 
to  initiate  the  time  interval  is  very  precise— -and  is  recommended  for  great  accuracy. 
Mode  3.  This  is  a  "rate-generator  with  square  wave  output"  mode,  it  differs  from  Mode 
2  only  in  that  the  output  0  remains  high  for  half  of  the  Counter  time  interval  instead  of 
remaining  high  for  a  single  clock  pulse.  This  may  be  illustrated  as  follows: 


On  this  pulse, 

Counter  decrements  On  this  pulse, 

to  half  of  initial  Counter  counts 

value  out 


iUUV\.... 


.....ru\f\j\..f\j\j7if^^ 


If  the  Counter  initial  contents  is  not  an  even  number,  then  the  output  will  remain  high 
for  the  extra  count 

Mode  4.  This  is  a  software  triggered  strobe  Mode  4  differs  from  Mode  2  only  in  that  the 
Gate  input  is  not  used  to  initiate  counting.  When  the  Gate  input  is  low  in  Mode  4,  the 
Counter  is  disabled,  but  providing  the  Gate  input  is  high,  the  Counter  starts  to  decre- 
ment as  soon  as  the  second  byte  of  the  initial  Counter  value  has  been  loaded 

Mode  5.  This  is  a  hardware  triggered  strobe.  Modes  2  and  5  are  almost  the  same.  In 
both  cases  the  rising  edge  of  the  Gate  input  initiates  counting  The  Gate  input  in  Mode 
2  additionally  can  be  used  to  disable  counting;  in  Mode  5  Gate  input  level  has  no  effect 

Thus,  in  Mode  5  you  cannot  enable  or  disable  counting  by  the  level  of  the  Gate  input 
GATE  AND  OUTPUT  SIGNAL  SUMMARY 

Table  4-14  summarizes  the  effect  of  the  Gate  input  in  each  of  the  six  modes  and  the 
shape  of  the  0  output  which  results- 

MONITORING  8253  COUNTER/TIMER  OPERATION 

The  8253  Counter/Timer  has  no  Status  register.  Operation  is  monitored  by  reading 
the  contents  of  any  Counter  register,  at  any  time.  But  two  different  reading  tech- 
niques must  be  used. 
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Table  4-14    G  a 

nd  0  Signal  Summary  For  The  8253  Counter/Timer 

MODE 

G  SIGNAL  EFFECT 

0  SIGNAL 
SHAPE 

G  LOW 

G_jr- 

G  HIGH 

0 

Disable 

None 

Enable 

c  J\f\ ..AJL 

o— -v                 r 

1 

None 

Initiate  counting. 
Reset  0  after 
next  clock  pulse 

None 

c  J\J\ AJ1_ 

2 

Disable 
Set  0  high 

Initiate  counting 

Enable 

cJ^JTJTTLT\. 

u            vJ 

3 

Disable 
Set  0  high 

Initiate  counting 

Enable 

c_r\j\njTrt_ 

u         \ 

4 

Disable 

None 

Enable 

See  Mode  2 

5 

None 

Initiate  counting 

None 

See  Mode  2 

If  you  want  to  read  a  Counter's  contents  while  it  is  decrementing,  then  you  must 
write  the  following  Command  code  to  the  Counter/Timer: 


Don't  care 
00 

00  Select  Counter/Timer  0 

01  Select  Counter  /Timer  1 

10  Select  Counter/Timer  2 

11  Illegal 

What  this  Control  code  does  is  load  a  single,  stable  count  value,  from  the  specified 
Counter,  into  a  register  out  of  which  it  may  be  read.  You  can  now  execute  two  read 
commands  accessing  the  Counter  identified  by  Control  code  bits  7  and  6.  On  the  first 
read,  you  will  access  the  least  significant  Counter  byte;  on  the  second  read,  you  will  ac- 
cess the  most  significant  Counter  byte.  This  may  be  illustrated  by  the  following  instruc- 
tion sequence,  which  will  read  the  contents  of  Counter  1  on  the  fly: 

;OUTPUT  CONTROL  CODE  TO  READ 
.COUNTER  1  CONTENTS 
;READ  COUNTER  1  CONTENTS  AND 
;STORE  IN  BC 


MVI 

40H 

OUT 

7 

IN 

5 

MOV 

C.A 

IN 

5 

MOV 

B.A 
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Had  you  not  first  issued  the  "Read  Counter"  command,  the  Counter  would  have  decre- 
mented in  the  time  interval  that  elapsed  between  the  first  and  second  read;  thus  you 
would  have  obtained  low  order  and  high  order  bytes  of  different  16-bit  values. 

You  do  not  need  to  issue  a  "Read  on  the  Fly"  command  to  access  the  contents  of  the 
Counter  that  is  not  in  the  process  of  being  decremented  All  you  have  to  do  is  execute 
two  read  commands  The  first  read  command  will  read  the  least  significant  byte,  while 
the  second  read  command  will  read  the  most  significant  byte: 


IN  4  ;READ  LOW  ORDER  BYTE  OF  COUNTER  0 

MOV  C.A  ;SAVE  IN  C 

IN  4  ;READ  HIGH  ORDER  BYTE  OF  COUNTER  0 

MOV  B,A  ;SAVE  IN  B 


THE  8259  PRIORITY  INTERRUPT  CONTROL  UNIT 

(PICU) 

This  is  a  very  flexible,  programmable  interrupt  handling  device;  it  provides  a  CALL 
instruction's  object  code  in  response  to  three  interrupt  acknowledge  (INTA)  sig- 
nals; the  8228  System  Controller  responds  to  an  interrupt  acknowledge  in  this 
fashion,  as  described  earlier  in  this  chapter.  Therefore  the  8259  PICU  should  be 
looked  upon  as  a  companion  to  the  three-chip  (8080A,  8224,  8228) 
microprocessor  system. 

The  8259  PICU  cannot  be  used  with  non  8080A  systems. 

A  single  8259  PICU  with  an  8080A  microcomputer  system  will  handle  up  to  eight 
external  interrupts,  providing  a  variety  of  programmable  interrupt  priority  arbitra- 
tion schemes. 

Alternatively,  an  8080A  microcomputer  system  may  have  a  single  8259  PICU 
designated  as  a  master,  controlling  up  to  eight  additional  8259  PICUs  designated 
as  slaves.  This  allows  a  maximum  of  64  levels  of  interrupt  priority.  Priority  arbitra- 
tion schemes  may  be  set  independently  for  the  master  and  for  each  slave,  result- 
ing in  a  bewildering  profusion  of  priority  arbitration  possibilities. 

Use  extreme  caution  before  including  master  and  slave  PICUs  within  an  8080A 
microcomputer  system.  When  an  application  is  implemented  around  a 
microprocessor  with  the  general  speed  and  performance  characteristics  of  an 
8080A,  then  it  is  usually  more  efficient  to  handle  numerous  external  request  lines 
using  multiple  CPU  configurations  and/or  programmed  polling  techniques,  rather 
than  interrupts. 

The  8259  PICU  is  fabricated  using  NMOS  technology;  it  is  packaged  in  a  28-pin 
plastic  DIP.  All  outputs  are  TTL  compatible. 

With  reference  to  the  standard  logic  functions'  illustration  used  throughout  this  book, 
the  box  marked  "Direct  Memory  Access  Control  Logic"  represents  the  functions  imple- 
mented by  the  8259  PICU,  But  it  is  hard  to  equate  the  large  number  of  options  provided 
by  the  8259  PICU  with  the  interrupt  logic  provided  by  other  microcomputer  systems 
An  application  that  needs  the  8259  PICU  would  certainly  not  be  satisfied  by  Direct 
Memory  Access  control  logic  provided  by  almost  any  other  device  described  in  this 
book. 
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8259  P1CU  PINS  AND  SIGNALS 

8259  PICU  pins  and  signals  are  illustrated  in  Figure  4-53;  we  will  summarize  these 
signals,  then  discuss  how  the  PICU  is  used. 

From  the  programmer's  point  of  view,  the  8259  PICU  will  be  accessed  either  as 
two  I/O  ports,  or  as  two  memory  locations.  CS  is  a  typical  chip  select  and  AO  iden- 
tifies one  of  two  I/O  ports  or  memory  locations.  The  way  you.  as  a  programmer,  must 
interpret  the  function  of  each  8259  PICU  I/O  port  or  memory  location  depends  on  an  in- 
tricate logical  sequence. 

The  two  8259  addressable  locations  are  accessed  via  the  Data  Bus  (DO  -  D7). 

IOR  and  IOW  are  standard  read  and  write  control  signals.  If  the  8259  PICU  is  being 
accessed  as  two  I/O  ports,  then  these  two  signals  will  be  connected  to  the  l/OR  and 
l/OW  controls  output  by  the  8228  System  Controller;  on  the  other  hand,  if  the  8259 
PICU  's  being  accessed  as  two  memory  locations,  then  IOR  and  IOW  must  be  connected 
to  the  MEMR  and  MEMW  controls  output  by  the  8228  System  Controller. 

External  devices  requesting  interrupt  service  have  their  request  signals  con- 
nected to  IRO  -  IR7.  A  high  level  on  any  one  of  these  signals  will  be  interpreted  as  an 
interrupt  request  An  interrupt  request  is  passed  on  to  the  CPU  via  the  INT  signal. 

This  is  illustrated  in  Figure  4-54. 

In  a  configuration  that  includes  master  and  slave  8259  PICUs  external  logic  will 
connect  to  the  interrupt  request  signals  (IRO  -  IR7)  of  the  slave  PICUs  only.  The  INT  out- 
puts of  the  slave  PICUs  will  be  connected  to  the  interrupt  requests  (IRO  -  IR7)  of  the 
master  PICU,.  This  is  illustrated  in  Figure  4-55 

When  more  than  one  8259  PICU  is  present  in  ajsystem,  SP  identifies  the  master  and 
slave  unitsJSP  high  defines  the  master,  while  SP  low  forces  an  8259  PICU  to  operate 
as  a  slave  SP  also  determines  the  sense  of  the  three  cascade  lines  (CO,  C1,  C2); 

these  are  output  lines  from  the  master  and  input  lines  to  a  slave. 

The  8080A  CPU  provides  the  standard  interrupt  acknowledge  via  INTA.  This  inter- 
rupt acknowledge  will  be  received  by  all  8259  PICUs  in  the  system,  master  or  slave. 

In  a  system  that  includes  a  master  8259  PICU  only,  the  three  bytes  of  a  CALL  in- 
struction's  object  code  are  output  via  the  Data  Bus  in  response  to  the  three  INTA 
control  signals  arriving  from  the  8228  System  Controller.  The  second  and  third 
bytes  of  the  CALL  instruction's  object  code  provide  an  address  which  is  unique  to  the 
selected  interrupt  request. 

In  a  configuration  that  includes  master  and  slave  8259  PICUs,  the  master  PICU 
outputs  the  first  byte  of  a  CALL  instruction's  object  code;  the  master  also  outputs 
a  value  between  000  and  1 1 1  via  the  three  cascade  lines  {CO  -  C2).  This  three-bit 
binary  value  identifies  the  interrupt  request  level  being  acknowledged  —  and 
therefore  the  slave  PICU  being  selected.  The  selected  slave  PICU  provides  the 
second  and  third  bytes  of  the  CALL  instruction's  object  code  in  response  to  the 
second  and  third  INTA  pulses  output  by  the  8228  System  Controller.  Thus  the 
slave  PICU  identifies  the  interrupt  request  level  it  is  acknowledging. 

The  interrupt  acknowledge  logic  of  the  8259  PICU  is  referred  to  as  "Vectoring". 
Let  us  examine  8259  vectoring  in  more  detail. 
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iOW  ■ 
JOR  ■ 
D7 
D6 
D5  • 
D4 
D3 
D2 
D1    - 
DO  ■ 
CO  ■ 
C1    ■ 
GND  * 


8259 

PRIORITY 

INTERRUPT 

CONTROL 

UNIT 


PIN  NAME 

DESCRIPTION 

cs 

Device  Select 

AO 

Identifies  PICU  as  one  of  two 

I/O  ports  or  memory  locations 

D0-D7 

Data  Bus 

IOR 

Read  control  signal 

IOW 

Write  control  signal 

IRO  -  IR7 

Interrupt  request  lines  to  PICU 

INT 

Interrupt  request  sent  by  PICU 

INTA 

Interrupt  acknowledge 

SP 

Identifies  PICU  as  either  master 

or  slave 

C0-C2 

Cascade  lines  select  slave  in 

multiple  PICU  systems 

Vcc,  GND 

Power  and  Ground 

Input 
Input 

Tristate,  Bidirectional 

Input 

Input 

Input 

Output 

Input 

Input 

Output  on  master 
Input  on  slave 


Figure  4-53.  8259  Priority  Interrupt  Control  Unit  Signals  And  Pin  Assignments 

THE  8259  PICU  INTERRUPT  ACKNOWLEDGE  VECTOR 

Vectoring  is  a  general  term  used  to  identify  an  interrupt  acknowledge  sequence 
which  results  in  the  immediate  identification  of  the  interrupting  external  source. 

With  a  non-vectored  interrupt  acknowledge,  the  CPU  must  execute  some  instruction 
sequence  whose  sole  purpose  is  to  identify  the  source  of  the  interrupt  —  and  that 
assumes  more  than  one  possible  external  interrupting  source 

Recall  that  when  an  interrupt  request  is  acknowledged  by  a  three- 
device  8080A  microprocessor  system,  the  8228  System  Controller 
outputs  a  low  pulse  on  the  INTA  control  line.  External  logic  must 
interpret  the  low  INTA  pulse  as  a  signal  to  bypass  normal  instruc- 
tion fetch  logic,  and  provide  the  object  code  for  the  first  instruc- 
tion to  be  executed  following  the  interrupt  acknowledge  (If  this  is 
new  to  you,  refer  back  to  our  discussion  of  the  8080A  and  8228  devices.)  If  a  CALL  in- 
struction's object  code  (CD  1  q)  is  returned  to  the  8228  System  Controller,  then  lowlNTA 
pulses  are  output  for  the  next  two  machine  cycles  — thus  making  it  easy  for  external 
logic  to  fetch  all  three  bytes  of  a  CALL  instruction's  object  code.  The  8259  PICU  uses 
this  8228  logic  to  supply  a  three-byte  CALL  instruction's  object  code  as  the  first 
instruction  executed  following  an  interrupt  acknowledge.  But  a  CALL  instruc- 
tion's object  code  is  interpreted  thus: 


8080A 
INTERRUPT 
RESPONSE 
USING  CALL 
INSTRUCTION 


Byte  1 


Byte  2 


Byte  3 


D       I 


16-bit  address  of  called  subroutine's 
first  executable  instruction 


4-159 


8080A 

CPU 


'  *g  4 


MEMR  or  l/OR 


MEMW 
orTTOW 


8228 

SYSTEM 

CONTROLLER 
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Figure  4-54.   A  System  With  One  PICU 

There  are  two  ways  in  which  the  8259  PICU  can  compute  the  address  portion  of 
the  CALL  instruction  object  code  (bytes  2  and  3).  These  are  the  two  options: 

Option  1  Option  2 

XXXXXXXXXXXYYYOO      XXXXXXXXXXYYYOOO 

X      represents  binary  digits  which  are  defined,  under  program  control  to  be  a  constant 
portion  of  the  Call  address. 

Y       represents  binary  digits  which  identify  the  interrupt  priority  level  (000  through 
111). 

Since  the  CALL  is  the  first  instruction  executed  following  an  interrupt  acknowledge,  it 
causes  program  logic  to  branch  to  a  memory  location  which  is  uniquely  set  aside  for  a 
single  external  interrupting  source    Suppose  you  have  selected  CALL  instruction 
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Option  1,as  illustrated  above.  You  would  then  set  aside  an  area  of  memory  for  a  jump 
table,  as  follows: 


XXXXXXXXXXXYYYOO 

001  1  100000000000 

0  0   1 

0   1   0 

0  1    1 

1  0  0 
etc 


PROGRAM 
MEMORY 


C3 

JMP 

. ADDR1 

Unused 

C3 

JMP 

I  ADDR2 

Unused 

C3 

JMP 

t  ADDR3 

Unused 

C3 

JMP 

I-ADDR4 

Unused 

C3 

Memory  addresses  have  been  selected  arbitrarily  in  the  illustration  above 

Program  logic  does  not  have  to  determine  the  source  of  an  interrupt.  You  simply  origin 
separate  interrupt  service  routines  at  starting  addresses  specified  by  the  Jump  instruc- 
tions in  the  jump  table  This  may  be  illustrated  as  follows: 


PROGRAM 

MEMORY 


MORE 
PROGRAM 
MEMORY 


3800 

C3 

80 

OF 

3804 

C3 

00 

OF 

*■""   3808** 

S.  C3 

>L 

OE  ^ 

380C 

C3 

80 

6o 

•  JMP     ADDR2 


0E00 

OE01 

0E02 

0E03 

0E04 

The  illustration  above  arbitrarily  assumes  that  the  interrupt  request  arriving  at  IR2  has 
its  service  routine  origined  at  OEOOiq  In  this  example,  the  address  vector  provided  by 
the  8259  is  3808]6: 


XXXXXXXXXXXYYYOO 
001  1  100000001000 
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At  memory  location  3808-je,  the  object  code  for  the  instruction: 

JMP  ADDR2 

takes  us  directly  to  the  required  interrupt  service  routine. 
8259  PICU  PRIORITY  ARBITRATION  OPTIONS 

Priority  arbitration  logic  is  used  to  determine  which  interrupt  request  will  be 
acknowledged  when  two  or  more  interrupt  requests  exist  simultaneously.  The 
8259  PICU  allows  interrupt  priorities  to  be  specified  at  two  levels  —  which  need 
to  be  clearly  separated  and  identified. 

As  discussed  in  "Volume  I  —  Basic  Concepts",  interrupt  priority  arbitration  usually  ap- 
plies to  simultaneous  interrupt  requests,  at  the  instant  an  interrupt  is  acknowledged,  if 
more  than  one  external  requesting  source  is  requesting  an  interrupt,  priority  ar- 
bitration logic  decides  which  single  interrupt  request  will  be  acknowledged.  Once 
an  interrupt  has  been  acknowledged,  priority  arbitration  has  nothing  to  do  with 
whether  the  interrupt  service  routine  can  itself  be  interrupted,  or  by  whom. 

The  8259  PICU  extends  interrupt  priorities  to  the  service  routines  themselves. 

Once  an  interrupt  has  been  acknowledged,  its  service  routine  can  only  be  interrupted 
by  a  higher  priority  interrupt. 

If  you  are  unsure  of  the  difference  between  interrupt  priority  arbitration  at  the  point 
when  interrupts  are  acknowledged,  as  against  priority -arbitration  for  the  entire  duration 
of  an  interrupt  service  routine,  then  refer  back  to  "Volume  I  —  Basic  Concepts",  where 
this  subject  is  covered  thoroughly 

Let  us  now  look  at  the  various  priority  arbitration  options  provided  by  the  8259  PICU 

The.  Fully  Nested  Mode  is  the  default  case.  Interrupt  priorities  are  set  sequentially 
from  0  (highest)  to  7  (lowest) 

As  we  will  describe  shortly,  the  8259  PICU  must  be  initialized  by  an  appropriate  in- 
struction sequence  before  it  can  be  used  in  any  way  Upon  completing  programmed 
initialization,  Fully  Nested  Mode  is  the  priority  arbitration  option  in  force.  It  takes 
additional  instructions  to  specify  any  other  priority  arbitration  option 


8259  PICU 

INTERRUPT 

SERVICE 

ROUTINE 

PRIORITIES 


In  Fully  Nested  Mode,  interrupt  priorities  will  never  change  An  in- 
terrupt request  arriving  at  an  IR  line  will  never  be  acknowledged  if 
an  interrupt  request  exists  at  a  higher  priority  line,  or  if  an  inter- 
rupt service  routine  is  being  executed  in  response  to  a  higher 
priority  interrupt  request  Conversely,  once  an  interrupt  has  been 
acknowledged,  the  interrupt  service  routine  which  is  subsequently 
executed  may  be  interrupted  only  by  a  higher  priority  interrupt  It  makes  no  difference 
whether  interrupts  have,  or  have  not  been  disabled,  the  8259  PICU  will  ignore  all  inter 
rupt  requests  at  priority  levels  below  that  of  an  interrupt  service  routine  currently  being 
executed.  For  example,  suppose  interrupts  are  being  requested  simultaneously  at  levels 
2  and  5.  The  level  2  interrupt  will  be  acknowledged  and  its  interrupt  service  routine  will 
be  executed-  While  the  level  2  interrupt  is  being  executed,  the  level  5  interrupt  request 
will  be  denied  by  the  8259  PICU,  whether  or  not  interrupts  have  been  disabled  at  the 
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CPU  However,  if  an  interrupt  request  arrives  at  priority  level  1,  the  PICU  will 
acknowledge  this  interrupt  request,  and  will  allow  the  level  2  interrupt  service  routine 
to  be  interrupted.  This  may  be  illustrated  as  follows: 


Interrupts  are  requested 
via  lines  IR2  and  1R5- 


An  interrupt  request  at  IR5, 
is  still  pending,  can  now 
be  acknowledged 


New  interrupt 

request  appears 

at  IR 

Interrupt  is 

higher  priority 

than  IR2,  so 

is  acknowledged 


IR2  request's 
service  routine 
is  executed 


IR1  requests 
service  routine 
is  executed 

It  is  very  important  to  understand  that  the  8259  PICU  extends  interrupt  priority  logic 
beyond  the  interrupt  acknowledge,  to  the  interrupt  service  routine  itself.  Standard 
priority  arbitration  logic  does  not  extend  to  the  interrupt  service  routine.  Thus,  in  the 
standard  case  if  interrupts  were  being  requested  at  priorities  2  and  5,  then  the  priority 
level  2  request  would  be  acknowledged,  but  the  priority  level  2  interrupt  service  routine 
could  be  interrupted  by  the  level  5  interrupt  request,  unless  all  interrupts  were  disabled 
at  the  CPU  —  in  which  case  an  interrupt  request  at  level  1  would  also  be  denied 

If  you  do  not  want  to  extend  interrupt  priorities  to  the  interrupt  service  routines,  you 
can  output  a  Special  Mask  Mode  command  (which  we  will  describe  shortly)  to  selec- 
tively enable  interrupt  requests  of  lower  priority  than  the  currently  executing  interrupt 
service  routine 

Rotating  Priority,  Mode  A  is  the  next  option.  This  differs  from 
the  Fully  Nested  Priority  Mode,  which  we  just  described,  in  that 
after  beingserviced,  a  request  is  immediately  relegated  to  lowest 
priority  This  may  be  illustrated  as  follows; 

Priorities  assigned  to  IR  lines 


8259  PICU 
ROTATING 
INTERRUPT 
PRIORITIES 


Lowest 

Highest 

7 

6 

5 

4 

3 

2 

1 

0 

Before  first  acknowledge 

IR7 

IR6 

IR5* 

IR4 

IR3 

IR2* 

IR1 

IRO 

After  first  acknowledge 

IR2 

IR1 

IRO 

IR7 

IR6 

IR5* 

IR4 

IR3 

After  second  acknowledge 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

IR7 

IR6 

*  identifies  active  interrupt  requests, 

In  a  microcomputer  system  that  makes  heavy  use  of  interrupts.  Rotating  Run  in  Priority 
Mode  A  may  be  a  necessary  replacement  for  the  default  Fully  Nested  Priority  Mode  In 
the  default  case,  the  lowest  priority  levels  may  get  little  or  no  service  if  there  is  heavy 
interrupt  traffic  In  an  application  that  does  not  have  a  well  defined  hierarchy  of  inter- 
rupt priorities,  a  rotation  of  priorities,  as  illustrated  above,  is  superior —  because  it  has 
the  effect  of  giving  every  priority  level  equal  service 
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Rotating  Priority  Mode  A  is  implemented  as  a  sequence  of  single  programmed  events 
The  microprocessor  outputs  an  appropriate  Control  code  to  the  8259  P1CU  upon  com- 
pleting every  interrupt  service  routine  Thus  Rotating  Priority  Mode  A  is  not  a  perma- 
nently specified  PICU  condition,  each  rotation  represents  a  single  response  to  a  single 
Control  code  —  unconnected  to  previous  or  future  priority  selections  For  the  moment 
however,  it  is  not  necessary  that  you  understand  the  programming  techniques 
employed  when  selecting  8259  interrupt  priority  modes;  that  is  a  subject  we  will  cover 
after  completing  the  description  of  all  available  priority  options 

Rotating  Priority  Mode  B  gives  you  some  flexibility  in  determining  future 
priorities.  Now  under  program  control  you  can  fix  the  next  division  between  top  and 
bottom  priorities  at  any  time  This  may  be  illustrated  as  follows: 

Priority  assigned  to  1R  lines 


Before  first  acknowledge 
After  first  acknowledge 
IR5  is  defined  as 
lowest  priority 
After  next  acknowledge 
IR3  is  defined  as 
lowest  priority 


Lowest 

Highest 

7 

6              5 

4 

3 

2               1 

0 

IR7 

IR6           IRS 

IR4 

IR3 

IR2           IR1 

IRO 

IR5 

IR4           IR3 

IR2 

IR1 

IRO           IR7 

IR6 

Rotating  Priority  Mode  B  allows  program  logic  to  determine  subsequent  interrupt 
priorities  based  upon  transient  system  conditions  Rotating  Priority  Mode  B  rotates 
priorities  any  number  of  positions  to  the  right,  much  as  you  might  rotate  the  bits  of  an 
Accumulator 

Like  Rotating  Priority  Mode  A,  Rotating  Priority  Mode  B  depends  on  the  microprocessor 
outputting  an  appropriate  Control  code  to  the  8259  PICU  However,  in  Rotating  Priority 
Mode  A,  rotation  can  be  done  only  at  the  conclusion  of  an  interrupt  service  routine, 
whereas  in  Rotating  Priority  Mode  B,  priorities  can  be  changed  at  any  time 

Two  mask  modes  allow  individual  priorities  to  be  selectively 
disabled.  A  Simple  Mask  Mode  allows  the  microprocessor  to 
output  an  8-bit  mask,  where  1  bits  will  cause  corresponding 
interrupt  request  lines  to  be  disabled.  For  example,  the  mask 
value  CA16  will  disable  interrupt  lines  IR7,  IR6,  IR3  and  IR1 


8259  PICU 

INTERRUPT 

MASKING 


7    6    5    4    3    2    10 
|T|l|0|0|l|0h|0 


Bit  No. 
interrupt  Mask 

-  These  IR  lines  are  selectively  disabled. 


A  Special  Mask  Mode  is  also  provided;  it  allows  you  to  enable  interrupts  at  a  lower 
priority  level  than  that  of  the  currently  executing  interrupt  service  routine.  By  writ- 
ing a  1  to  the  appropriate  bit  of  the  Mask  register,  an  interrupt  level  can  be  disabled 
while  its  interrupt  service  routine  is  executing.  Even  though  the  level  is  masked,  all 
lower  level  interrupts  will  remain  disabled  until  the  conclusion  of  the  service  routine. 
Once  the  current  level  is  masked,  however,  entering  Special  Mask  Mode  will  enable  all 
unmasked  lower  priority  interrupt  levels.  Thus  a  request  can  interrupt  a  service  routine 
operating  on  a  higher  priority  level 
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Masks  may  be  superimposed  on  Rotating  Priority  Mode  A  or  Mode  B  without  restriction. 
This  allows  you  to  selectively  enable  and  disable  individual  interrupt  request  lines,  then 
rotate  priorities  for  the  enabled  lines  Special  Mask  Mode  also  allows  you  to  selectively 
enable  interrupts  of  lower  priority  than  a  currently  executed  interrupt  service  routine. 

Polled  Mode  bypasses  priority  arbitration  altogether.  If  you 
select  Polled  Mode,  then  you  must  poll  the  8259  PICU.  You 

will  interpret  the  polled  data  as  follows: 


8259  PICU 
POLLING 


7    6    5    4    3    2    10- 


1 II II 1 1 II*— 

J"-~) 

rr" 

Bit  No. 
Polled  Status 


Highest  priority  level  requesting 

an  interrupt  (000  through  111) 

Unassigned 

1  Interrupt  request  pending 

0  No  interrupt  requests  pending 


In  a  configuration  that  includes  master  and  slave  8259  PICUs,  you  will  first  read  status 
from  the  master  PICU  Upon  detecting  a  1  bit  in  bit  7,  you  will  poll  the  slave  PICU  which 
is  identified  by  bits  2,  1  and  0  of  the  master's  polled  data  The  slave  poll  identifies  the 
highest  priority  interrupt  request  This  may  be  illustrated  as  follows; 


7    6    5    4    3    2    10- 

mil  in 


Bit  No. 

!R  pins 


Suppose  the  *  represents  interrupt  requests   The  master  poll  would  return: 


Priority  1  slave  device 
Requesting  an  interrupt 

The  polling  program  must  now  poll  slave  1 ;  it  will  read: 
7   6    5    4    3    2     10  -* Bit  No. 


I,  lololQloiT  |,1 


^—■*Y-w 


-  Priority  3  interrupt  request 

-  Requesting  an  interrupt 


In  Polled  Mode,  the  8259  PICU  is  not  being  used  as  an  interrupt  processing  device  at 
all  In  effect,  interrupt  requests  are  reduced  to  status  flags,  which  will  be  processed  by 
the  CPU  when  it  is  ready  to  do  so.  External  logic  is  no  longer  able  to  force  the  CPU  to 
suspend  current  program  execution;  thus  the  key  concept  of  an  interrupt  is  missing, 
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While  it  may  not  immediately  appear  obvious,  using  the  8259  PICU  in  Polled 
Mode  is  possibly  one  of  the  most  effective  ways  of  utilizing  this  device.  A  point 
we  have  frequently  made,  both  in  Volume  I  and  in  Volume  II.  is  that  the  average 
microprocessor  is  simply  too  slow  to  efficiently  handle  random,  nested  interrupts  in  a 
traditional  minicomputer  fashion.  It  is  faster  and  more  efficient  to  poll  status  on  a 
round-robin  basis,  branching  to  appropriate  subroutines  upon  detecting  a  status  flag 
via  which  external  logic  has  requested  service.  A  detailed  discussion  of  this  point  may 
be  found  in  the  book  "8080  Programming  For  Logic  Design" 

HOW  INTERRUPT  REQUESTS  AND  PRIORITY  STATUS  ARE 
RECORDED 

Internal  to  the  8259  PICU  there  are  two  registers:  an  Interrupt  Request  OR) 
register  and  an  Interrupt  Status  {IS}  register. 

The  Interrupt  Request  and  Interrupt  Status  registers  may  be  looked  upon  as 
receiving  external  interrupt  request  status  in  a  cascaded  fashion  as  follows 


7   6    5    4    3    2    10' 


Interrupt  Status 
register  (IS) 


en 


jl     Jl     H    ii     ji     jl     ;i 


Interrupt  Request 
register  (IR) 


D 


zmw\ 


-INTA  latches  highest 
priority  IR  bit  into  IS 


IRM  inputs  set  IR  bits 
immediately  INTA  clears  IR  register 


IR7      (R6      IR5      IR4      IR3      IR2      IR1      IRO 

Any  active  interrupt  request  appearing  on  the  interrupt  request  lines  IRO  -  IR7  will  set 
corresponding  bits  of  the  Interrupt  Request  register  When  any  interrupt  is 
acknowledged,  the  acknowledged  interrupt's  bit  in  the  Interrupt  Status  register  is  set; 
simultaneously,  all  bits  of  the  Interrupt  Request  register  are  reset.  This  may  be  illustr- 
ated as  follows: 


IR(N) 


i 


\ 


Interrupt  request  signal 
IR  register  bit 


r 


UH) 


"   (N)  is  the  highest  priority 
(i.e.,  acknowledged)  interrupt  request 

In  order  to  reset  any  bit  of  the  Interrupt  Status  register  you  must  issue  a  specific  "End- 
Of-lnterrupt"  instruction  which  we  will  describe  shortly^ 

You  may  therefore  look  upon  the  Interrupt  Request  register  as  identifying  active,  but 
unacknowledged  interrupt  requests.  Notice  that  Interrupt  Request  status  is  not 
preserved  across  an  acknowledge.  This  means  external  logic  must  hold  its  Interrupt  Re- 
quest true  until  it  has  been  selected  and  acknowledged. 

You  may  look  upon  the  Interrupt  Status  register  as  identifying  the  interrupt  requests 
which  are  currently  being  serviced.  If  you  do  not  nest  interrupts,  then  only  one  bit  of  the 
Interrupt  Status  register  will  be  set  at  any  time.  If  you  do  nest  interrupts,  then  more  than 
one  bit  of  the  Interrupt  Status  register  may  be  set  —  for  the  interrupt  request  being  ser- 
viced currently  and  for  any  interrupt  requests  which  were  being  serviced,  but  were 
themselves  interrupted.  But  remember  you  can  misuse  the  Interrupt  Status  register.  If 
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you  do  not  end  interrupt  service  routines  by  outputting  an  "End-Of-lnterrupt"  com- 
mand to  the  8259  PICU,  then  bits  of  the  Interrupt  Status  register  will  remain  set  after 
the  appropriate  interrupt  has  been  serviced 

If  you  use  a  mask  to  inhibit  interrupt  levels,  then  the  inhibit  logic  will  prevent  bits  of  the 
Interrupt  Request  and  Interrupt  Status  register  from  being  set  for  the  inhibited  interrupt 
levels. 

The  Interrupt  Request  (IR)  register  stores  a  1  bit  at  every  requesting  level;  it  may  be 
visualized  as  a  simple  reflection  of  IR  input  signals: 


7    6    5    4    3    2    10   ««  Bit  No 

lOll  I  Ol  lT0|0  I  1  |0|-* IR  Register 


IR7       IR6       IRS       iR4        IR3       IR2       IR1 


*  represents  active  interrupt  requests 


The  Interrupt  Status  (IS)  register  reflects  the  status  of  current  interrupt  priority  arbitra- 
tion logic  Whenever  an  interrupt  is  acknowledged,  the  IS  bit  corresponding  to  the  in- 
terrupt level  is  set  This  bit  is  reset  by  the  End-Of-lnterrupt  (EOI)  instruction  at  the  end  of 
the  interrupt  service  routine  We  will  tell  you  how  to  issue  an  EOI  instruction  shortly. 

Suppose  the  8259  PICU  is  operating  in  the  default  mode;  fully  nested  interrupts,  no 
mask  bits  set  An  interrupt  request  is  made  at  level  4,  When  this  interrupt  is 
acknowledged,  bit  4  of  the  IS  register  is  set: 

7    6    5    4    3    2     i     0  ■*>  Bit  No. 

| o |  o|o|r|o|o|o|o|-« — is 

and  interrupts  at  levels  5,  6  and  7  are  disabled,  since  they  are  of  lower  priority  than  level 
4  While  the  level  4  request  is  being  serviced,  a  request  is  made  at  level  1 ,  Since  level  1 
has  higher  priority,  it  will  be  acknowledged,  interrupting  the  level  4  service  routine.  IS 
will  look  like  this: 

7654321     0  -« Bit  No. 

io[o|oh|o|o|i|oh^ IS 

Now  interrupt  levels  2  through  7  are  disabled  At  the  conclusion  of  the  level  1  service 
routine,  EOI  will  reset  bit  1 : 

765432     1     0^* Bit  No 

| o j o | o j  i  |olo|o|oh« is 

thus  enabling  interrupt  levels  2  and  3  —  and  level  4,  whose  service  routine  can  now 
continue.  On  the  next  EOI,  assuming  no  further  interruptions,  bit  4  of  IS  will  be  reset  at 
which  time  levels  5,  6  and  7  will  again  be  enabled 

In  priority  modes  other  than  the  Fully  Nested  Mode  {Rotating  Priorities  A  and  B  and 
Special  Mask  Mode)  the  8259  PICU  cannot  be  depended  on  to  reset  the  correct  IS  bit 
when  it  receives  the  usual  EOI  Therefore,  it  is  sent  a  special  EOI  which  specifies  which 
level's  service  routine  is  ending  —  and  therefore  which  IS  bit  is  to  be  reset 

PROGRAMMING  THE  8259  PICU 

As  we  have  already  stated,  the  8259  PICU  appears  to  the  programmer  as  two  I/O 
ports,  or  memory  locations.  However,  there  are  a  number  of  ways  in  which  data 
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written  to,  or  read  from  either  location  may  be  interpreted.  Let  us  begin  by  defin- 
ing these  interpretations;  then  we  will  explain  the  sequence  in  which  Control 
codes  should  be  written,  and  statuses  read,  in  order  to  access  the  many 
capabilities  of  the  8259  PICU. 

Control  codes  output  to  the  lower  I/O  port  or  memory  address  (AO  =  0)  may  be  in- 
terpreted in  one  of  three  ways,  labeled  Initialization  Control  Word  1  (ICW1)  and  Opera- 
tion Control  Words  2  and  3  (OCW2  and  OCW3). 


7    6    5    4    3    2    1     0 

I  I  I  I'M  I  l» 


t 


Ji      i 


3 


Bit  No. 
1CW1    ' 

*  Don't  care  - 

■  1  One  8259  in  a  system  only 

0  Master  and  slave  8259s  in  system 

m  1  4  bytes  between  address  vectors 

0  8  bytes  between  address  vectors 

■  Must  be  1 

■  Bits  7,  6  and  5  of  interrupt  address  vector 


7   6    5    4    3    2    10 


000  Select  priority  level  0  as  lowest 

001  Select  priority  level  1  as  lowest 

010  Select  priority  level  2  as  lowest 

011  Select  priority  level  3  as  lowest 

100  Select  priority  level  4  as  lowest 

101  Select  priority  level  5  as  lowest 

1 10  Select  priority  level  6  as  lowest 

1 1 1  Select  priority  level  7  as  lowest 
Must  be  00 

000  No  Operation 

011  Simple  end  of  interrupt,  ignore  bits  2,  1,  0 

010  No  Operation 

01 1  Special  end  of  interrupt,  and  reset  IS  bit  specified  by  bits  2,  1,  0 

100  No  Operation 

101  End  of  interrupt  and  execute  Rotate  Priority  Mode  A 

1 10  Execute  Rotate  Priority  Mode  B,  Level  set  by  bits  2,  1,  0  is  lowest  level 

1 1 1  End  of  interrupt  and  execute  Rotate  Priority  Mode  B„  Level  set  by 
bits  2,  1,  0  is  lowest  level. 


76543210- 

1*1  I  l»M  I  I  > 


X 


«« Bit  No. 
-OCW3 


-  00  Not  allowed 
01  Not  allowed 

10  Select  IR  register  on  status  read 

11  Select  IS  register  on  status  read 

»  Normally  0  If  1,  Polled  Mode  in  force 

-Must  be  01 

*  1 1  Select  special  mask  mode 

10  Deselect  special  mask  mode 
»  Don't  care 
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When  reading  from  the  lower  address  (AO  =  0).  the  condition  of  the  most  recently 
issued  OCW3  bits  0  and  1  determine  what  will  be  read.  If  these  two  bits  were  01 ,  the  In- 
terrupt Request  register  (IR)  is  read;  if  these  two  bits  are  1 1,  the  Interrupt  Status  register 
(IS)  is  read. 

Control  codes  output  to  the  higher  I/O  port  or  memory  address  (AO  =  1}  may  also 
be  interpreted  in  one  of  three  ways.  After  an  ICW1  control  has  been  output  to  the 
lower  address  {AO  =  0),  either  one,  or  two  Control  codes  must  be  output  to  the  higher 
address  (AO  =  1).  If  ICW1,  bit  1  is  1,  a  second  Control  code  (ICW2)  must  be  output  to 
the  higher  address  (AO  -  1)  of  the  master  8259  PICU,  and  to  every  slave  8259  PICU, 
that  may  be  present  This  is  the  format  of  ICW2: 


7   6    5    4    3    2    1     0 

MINIM 


Bits  15  -  8  of  the  interrupt  address  vector 

If  ICW1.  bit  1  is  0,  ICW2,  as  illustrated  above,  must  be  output  —  and  it  must  be 
followed  by  a  second  Control  code  (ICW3),  output  to  the  higher  address  (AO  -  1)  of  the 
master  8259  PICU.  and  then  to  each  slave  8259  PICU  The  master  8259  will  interpret 
ICW3  as  follows: 


7    6    5   4    3    2    10 

M  I  III  I  I 


-Bit  No. 

"•ICW3  to  master 


■Any  1  bit  identifies  a  request  level  to 
which  a  slave  8259  has  been  attached 


A  slave  8259  will  interpret  ICW3  as  follows: 


7   6    5    4    3    2    1     0 

I  M 


Bit  No. 
ICW3  to  slave 


These  three  bits  identify  the 
request  level  at  the  master  8259 
to  which  this  slave  8259 
has  been  connected 
Don't  care 


A  system  with  a  single  8259,  therefore,  has  ICW1,  then  ICW2  output  to  it 

A  system  with  master  and  slave  8259  devices  must  have  ICW1,  ICW2  and  ICW3  output 
to  the  master,  then  ICW1,  ICW2  and  ICW3  output  to  each  slave. 

After  the  initiation  sequence  has  been  completed,  when  read- 
ing or  writing  to  the  higher  I/O  port  address  (AO  =  1),  the  In 
terrupt  Mask  register  is  accessed.  Writing  a  1  into  any  bit 
position  will  disable  corresponding  IR  line  requests.  0  bits  ena- 
ble interrupt  requests  at  corresponding  IR  lines.  When  you  return  to  the  initiation 
sequence,  the  higher  I/O  port  address  again  accesses  ICW2  or  ICW3. 


8259  PICU 

INTERRUPT 

MASK 
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We  will  now  examine  the  normal  sequence  in  which  the  8259  PICU  wil!  be  program- 
med. Programming  logic  may  be  defined  as  follows: 


v  Start  J 


Output  ICW1  to  Master 
8259 


I 


Output  ICW2  to  Master 
8259 


NO 

^^^     Are  there      ^^w^ 

^^^          slaves            ^? 
jT YES 

Output  !CW3  to  Master 
8259 

♦ 

Output  ICW1,  ICW2  and 
ICW3  to  each  slave  8259 

t 

Write  any  initializing 
codes  to  master  and 
slaves  (If  present) 

Modify  interrupt  enable/ 
disable  if  desired 


Execute  interrupt  service 
routine 


Write  end  of  interrupt 
code 


Interrupt 
►  Service 
Routine 
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Using  arbitrary  data,  the  initiation  sequence  for  a  single  8259  PICU  system  may  be  il- 
lustrated as  follows: 

MVI  PICUL12H  ;WR!TE  OUT  ICW1 

MVI  PICUH.40H  ;WRITE  OUT  ICW2 

The  labels  PICUL  and  PICUH  address  the  lower  and  higher  8259  PICU  addressable  loca- 
tions, respectively. 

The  two  instructions  above  assume  that  the  8259  PICU  is  being  addressed  as  memory. 
The  two  immediate  data  bytes  specify  an  interrupt  address  vector  beginning  at  location 
4000-|6,  incrementing  eight  bytes  with  each  priority  level. 

Now  consider  a  configuration  where  there  is  a  master  PICU  and  three  slave  PICUs  con- 
nected to  IRO,  IR1  and  IR2.  Here  is  the  initiating  instruction  sequence  required: 
INITIALIZE  MASTER  PICU 

WRITE  OUT  ICW1 
WRITE  OUT  ICW2 
IDENTIFY  SLAVES  TO  MASTER 


MVI  P1CUL14H 

MVI  PICUH,40H 

MVI  PICUH.07H 

INITIALIZE  FIRST  SLAVE  PICU 
MVI  SPCL1.10H 

MVI  SPCH1.48H 

MVI  SPCH1.0 

INITIALIZE  SECOND  SLAVE  PICU 
MVI  SPCL2,30H 

MVI  SPCH2,48H 

MVI  SPCH2,1 

INITIALIZE  THIRD  SLAVE  PICU 
MVI  SPCL3,52H 

MVI  SPCH3.48H 

MVI  SPCH3,2 


WRITE  OUT  ICW1 
WRITE  OUT  ICW2 
IDENTIFY  PRIORITY  TO  SLAVE 

WRITE  OUT  ICW1 
WRITE  OUT  ICW2 
IDENTIFY  PRIORITY  TO  SLAVE 

WRITE  OUT  ICW1 
WRITE  OUT  ICW2 
IDENTIFY  PRIORITY  TO  SLAVE 


Since  there  is  a  single  master,  and  three  slaves,  there  must  be  four  sets  of  initiating  in- 
structions. 

First  we  initiate  the  master.  Again,  the  interrupt  address  vector  is  origined  at  4000-J6. 
This  origin  and  the  specification  that  four  bytes  will  separate  each  vector  will  be  used 
when  interrupts  are  requested  on  levels  to  which  no  slave  8259  PICUs  are  connected.  In 
this  case  the  value  0716  is  output  indicating  that  IRO,  IR1  and  IR2  have  connected 
slaves. 

Slave  initiation  is  straightforward.  The  first  slave  PICU  has  labels  SPCL1  and  SPCH1, 
representing  the  lower  and  higher  addressable  locations.  SPCL2  and  SPCH2  are  second 
slave  PICU  labels,  while  SPCL3  and  SPCH3  are  third  slave  PICU  labels. 

All  three  slave  PICUs  specify  a  four-byte  displacement  between  interrupt  address  vec- 
tors, initial  origins  of  480016.  482016  and  484016  are  specified  for  slave  1,  2  and  3, 
respectively.  Notice  that  the  second  byte  written  out  to  the  high  order  address  SPCH1, 
SPCH2  or  SPCH3  identifies  the  slave's  priority. 

Once  8259  PICUs  have  been  initiated,  programmable  features  are  controlled  by 
outputting  appropriate  Control  codes  and  inputting  appropriate  status.  Every  inter- 
rupt service  program  must  end  by  outputting  an  "End-OHnterrupt"  Control  code 
to  the  8259  PICU.  Any  form  of  "End-OHnterrupt"  Control  code  will  do.  Other- 
wise, there  is  no  well  defined  sequence  in  which  controls  and  status  should  be 
used. 
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Table  4-15..  A  Summary  Of  8259  PiCU  Operations 

OPERATION 

INSTRUCTION  SEQUENCE 

Select  Fully  Nested 
Mode 

None  This  is  selected  after  initiation 

Issue  simple  End  Of 
Interrupt  command 

Output  20t  e  (OCW2)  to  PICUL 

Rotate  Priorities 
Mode  A  with 
End  Of  Interrupt 

Output  A016  (OCW2)  to  PICUL 

Rotate  Priorities 
Mode  B  without 
End  Of  Interrupt 

Output  CN16  (OCW2)  to  PICUL   N  is  the  new  lowest 
priority 

Rotate  Priorities 
Mode  B  with 
End  Of  Interrupt 

Output  EN  16  (OCW2)  to  PICUL,  N  is  the  new  lowest 
priority 

Output  an  interrupt 
mask 

Output  mask  byte  to  PICUL  any  time  after 
initiation  sequence 

Read  interrupt 
mask 

Input  PICUH 

Enter  special 
mask  mode 

Output  OCW3  to  PICUL  with  68 ig  in  lower  7  bits 

Exit  special 
mask  mode 

Output  OCW3  to  PICUL  with  4S]q  in  lower  7  bits 

Specify  Polled 
Mode 

Output  OCW3  to  PICUL  with  0C]6  in  lower  7  bits 

Poll  any  PiCU 

Output  OCW3  to  PICUL  with  01 1  in  bits  4,  3,  2, 
then  immediately  read  from  PICUL 

Read  IR  Status 

Output  OCW3  to  PICUL  with  0A]q  in  lower  7  bits 
Then  read  from  PICUL 

Read  IS  Status 

Output  OCW3  to  PICUL  with  0B<|6  in  lower  7  bits 
Then  read  from  PICUL. 

Reset  an  IS  status 
bit 

Output  6N16  (OCW2)  to  PICUL  if  End  Of  Interrupt 
N  is  the  IS  status  bit  to  be  reset 

PICUL  identifies  the  P 
PICUH  identifies  the  P 

CU  lower  address  (A0  =0). 
CU  higher  address  (A0  =  1). 

Here  is  an  example  of  the  end  of  an  interrupt  service  routine: 

MVI  PICUL20H  .SIMPLE  END  OF  INTERRUPT 

RET  ;RETURN  TO  INTERRUPTED  SEQUENCE 

The  simplest  "End-OMnterrupt"  (EOI)  is  sent  as  OCW3  This  command  will  reset  the 
highest  set  bit  in  the  IS  register.  Notice  that  we  thus  assume  that  this  interrupt  occurred 
in  Fully  Nested  Priority  Mode,  where  the  highest  bit  corresponds  to  the  highest  priority 
level 
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In  other  priority  schemes,  however,  the  interrupt  level  being  serviced  may  not  corres- 
pond to  the  highest  set  bit  of  the  IS  register  Suppose  the  interrupt  handling  scheme  is 
Rotating  Priority  Mode  B  with  level  2  the  lowest  priority  and  a  level  0  request  being  ser- 
viced: 

Interrupt  priorities 
interrupt  levels 

In  Service 

A  request  at  level  4  (*)  will  interrupt  the  level  0  routine.  The  IS  register  would  look  like 
this: 


LOWEST 

HIGHEST-^ 1 

hMoM. 

hh|3|-« — i 

* 

* 

7    6    5   4    3    2    10 

lo|o|o|i folololi  I 


A  simple  EOI  in  the  level  4  service  routine  will  now  reset  bit  0  —  which  is  wrong   The 
following  instruction  sequence  will  reset  the  correct  IS  bit  and  return 

MV1  PICUL64H  ;END  LEVEL  4  INTERRUPT 

RET  ;RETURN  TO  INTERRUPTED  SEQUENCE 

Since  we  are  rotating  priorities,  the  following  would  be  preferable: 

MVI  PICUL.E4  ,END  LEVEL  4  INTERRUPT  AND  MAKE 

, LEVEL  4  LOWEST  PRIORITY 
RET  ;RETURN  TO  INTERRUPTED  SEQUENCE 

The  priorities  and  IS  register  now  look  like  this 


-Interrupt  Priorities 


|4|3|2|l  |0|7|6|5}-* Interrupt  Levels 


7   6    5   4    3    2    1     0-«- 


|0|0[0|0|0|0|0|l  p« IS  Register 

Either  of  the  suggested  EOI  instructions  would  allow  the  level  0  routine  to  resume 

THE  8214  PRIORITY  INTERRUPT 
CONTROL  UNIT  (PICU) 

The  8214  PICU  performs  much  the  same  functions  as  the  8259  PICU,  however  the 
8214  device  is  far  simpler.  It  has  eight  lines  via  which  external  logic  can  request 
an  interrupt.  The  highest  priority  interrupt  request  is  identified  via  three  output 
signals  which  accompany  an  interrupt  request  output.  The  only  programmable 
feature  of  the  8214  PICU  is  a  Current  Status  register;  into  this  register  you  can 
write  an  interrupt  level  which  becomes  a  priority  cutoff,  below  which  all  interrupt 
requests  will  be  denied. 

Like  the  8257,  the  8214  PICU  is  normally  used  in  conjunction  with  an  8212  I/O 
port.  However,  the  8212  I/O  port  is  used  in  a  totally  different  way.  The  8257  DMA 
Controller  needs  the  8212  I/O  port  in  order  to  demultiplex  its  Data  Bus.  The  8214 
PICU  uses  the  8212  I/O  port  in  order  to  create  a  Restart  instruction's  object  code. 
Figure  4  58  illustrates  a  typical  configuration. 
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Do  not  dismiss  the  8214  PICU  simply  because  it  has  fewer  capabilities  than  the 
8259  PICU.  For  most  simple  applications  the  8214  PICU  is  more  than  adequate  — 
and  being  a  smaller  package  it  will  occupy  less  space  on  a  PC  card. 

The  8214  PICU  is  fabricated  using  NMOS  technology;  it  is  packaged  as  a  24-pin 
DIP. 

8214  PRIORITY  INTERRUPT  CONTROL  UNIT 
PINS  AND  SIGNALS 

Figure  4-56  illustrates  8214  PICU  pins  and  signals.  Signals  are  quite  elementary 
and  therefore  will  be  covered  along  with  a  description  of  8214  capabilities. 
Figure  4-57  presents  a  simplified  logic  diagram  for  the  8214  PICU. 
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PIN  NAME  DESCRIPTION 

R®  "  R7  External  interrupt  request  lines 

AO  -  A2  Identification  of  highest  priority 

interrupt  request 

INT  Interrupt  signal 

BO  -  B2  Current  status 

SGS  Status  Group  Select  <Master  comparator  disable) 

ECS  Enable  Current  Status  {Chip  Select) 

ENLG  Enable  Next  Level  Group  on  daisy  chain 

ETLG  Enable  This  Level  Group  on  daisy  chain 

ELR  Enable  Level  Read 

INTE  Master  Interrupt  Enable 

CLK  System  clock  (#2  TTL) 

Vqq,  GND  Power  and  Ground 


Input 
Output 

Output 

Input 

Input 

Input 

Output 

Input 

Input 

Input 

Input 


Figure  4-56    8214  Priority  Interrupt  Control  Unit  Signals  And 
Pin  Assignments 

External  logic  requests  interrupts  by  placing  a  low  input  at  one  of  the  signals 

R0~  R7.  Providing  conditions  allow  the  8214  PICU  to  acknowledge  an  interrupt  re- 
quest outputs  AO  A2  will  identify  the  highest  priority  line  on  which  an  interrupt 
is  currently  being  requested;  the  output  on  AO  -  A2  will  be  accompanied  by  a  low 
output  at  INT. 
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Interrupt  request__priorities  are  ordered  sequentially  from  R7  which  has  the  highest 
priority,  through  RO  which  has  the  lowest  priority.  The  output  at  AO.  A1  and  A2  iden- 
tifies the  highest  priority  interrupt  request  input  as  follows; 

Priority         Pin     AO*    AT     A2 
highest 


R7 

1 

1 

1 

R6 

1 

1 

0 

R5 

1 

0 

1 

R4 

1 

0 

0 

R3 

0 

1 

1 

R2 

0 

1 

0 

R1 

0 

0 

1 

RO 

0 

0 

0 

lowest 

Priority  arbitration  logic  can  be  modified  by  writing  a  four  binary  digit  code  to  the 
Current  Status- register  of  the  8214  PICU.  The  chip  select  ECS  must  be  set  true  in 
order  to  write  into  the  Current  Status  register  This  ECS  may  be  generated  in  any 
fashion,  so  the  &214  PICU  may  be  addressed  as  a  single  I/O  port  or  a  single  memory 
location 

The  Current  Status  register  is  write-only 
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Figure  4-57    Logic  Of  The  8214  Priority  Interrupt  Control  Unit 
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Data  written  into  the  Current  Status  register  will  be  interpreted  as  follows: 


Current  Status  Register 

Disable  all  interrupts 

Enable  interrupt  priority  7  only  (R7) 


Enable  interrupt  priority  6  and  higher  (R6) 
*1*1 '  Enable  interrupt  priority  5  and  higher  (R5) 

Enable  interrupt  priority  4  and  higher  (R4) 
'*>■  Enable  interrupt  priority  3  and  higher  (R3) 

Enable  interrupt  priority  2  and  higher  (R2) 

Enable  interrupt  priority  1  and  higher  (R1) 

If  1,  allow  any  interrupt,  regardless  of  priority; 

bits  2,  1,  0  =X. 

If  0,  bits  2,  1,  0  determine  priority. 

As  illustrated  above,  bit  3  of  the  Current  Status  register  input  is  a  master  comparator 
disable  signal,  bits  2,  1  and  0  represent  the  complement  of  the  cutoff  priority  level. 

8214  devices  contain  logic  which  allows  them  to  be  cascaded  in  a  daisy  chain 
fashion.  To  implement  daisy  chain  logic,  you  must  connect  the  ENLG  output  of  one 
82 1 4  device  to  the  ETLG  input  of  the  next  The  highest  priority  82 1 4  device  in  the  daisy 
chain  must  have  its  ETLG  input  pulled  high  by  connecting  it  to  Vqq  If  the  highest 
priority  8214  PICU  has  no  active  interrupt  request  it  outputs  a  high  ENLG  which  ena- 
bles the  next  8214  PICU  in  the  daisy  chain.  The  first  8214  P!CU  in  the  daisy  chain  with 
an  active  interrupt  request  outputs  ENLG  low  and  that  disables  ali  8214  PICUs  Sower  in 
the  daisy  chain   This  is  standard  daisy  chain  logic,  as  described  in  Volume  I 

You  can  selectively  disable  8214JP'CUsjn  a  daisy  chain  by  inputting  a  high  level 
signal  at  ELR.  This  will  force  AO,  A1  and  A2  to  all  output  111 

There  is  also  a  master  interrupt  enable;  it  is  INTE.  A  low  level  at  this  input  will  un- 
conditionally disable  the  8214  device,  INTE  will  normally  be  connected  to  the  INTE  out- 
put from  the  8080A  CPU  in  order  to  ensure  that  8214  PICUs  do  not  attempt  to  request 
interrupts  while  interrupts  have  been  disabled. 

Once  an  interrupt  request  appears  at  an  8214  device,  the  interrupt  request  is  passed  on 
via  INT,  the  request  level  is  identified  via  AO,  A1  and  A2,  As  soon  as  the  8214  PICU  re- 
quests an  interrupt,  all  further  interrupts  are  inhibited,  and  remain  inhibited  until  the 
CPU  writes  to  the  Current  Status  register  The  device  select  line  ECS  also  acts  as  an 
interrupt  acknowledge  line,  enabling  8214  logic  to  process  another  interrupt  re- 
quest. This  has  two  implications: 

1)  External  logic  must  keep  an  interrupt  request  active  at  its  appropriate  input  pin  un- 
til the  interrupt  has  been  acknowledged.  The  8214  PICU  has  no  control  output 
which  can  be  used  by  external  logic  to  determine  thajjtsjnterrupt  has  been 
acknowledged  Acknowledge  logic  must  be  based  on  the  AO  -  A2  outputs  from  the 
8214,  plus  the  INTA  acknowledge  signal  output  by  the  8080A  CPU 

2)  Just  as  external  logic  must  maintain  an  interrupt  request  until  the  request  has  been 
acknowledged,  so  it  must  also  remove  the  interrupt  request  once  the  interrupt  re- 
quest has  been  acknowledged,  If  it  does  not  do  so,  the  same  external  interrupt  re- 
quest could  be  acknowledged  again  and  again 

A  TYPICAL  8214  PRIORITY  INTERRUPT 
CONTROL  CONFIGURATION 

Figure  4-58  illustrates  a  typical  configuration  in  which  an  8212  I/O  port  front-ends 
an  8214  PICU  in  order  to  generate  a  Restart  instruction's  object  code.  Observe  that 
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the  8212  is  configured  as  an  input  port  with  handshaking  By  tying  the  MD  input  to 
ground/the  STB  input  clocks  the  8212  latches  and  device  select  logic  enables  the  out- 
put buffers. 

The  STB  input  is  the  complement  of  the  interrupt  request  output  (INT)  from  the  8214 
PICU;  therefore  the  instant  at  which  the  8214  requests  an  interrupt,  the  current  Restart 
instruction's  object  code  will  be  latched  into  the  8212  latches  Device  select  logic  is 
tied  to  the  interrupt  acknowledge  signal  output  by  the  8080A  CPU  {INT A),  therefore  as 
soon  as  the  interrupt  is  acknowledged,  the  Restart  instruction's  object  code  held  in  the 
8212  latches  will  be  output  via  DOO  -  D07 

The  interrupt  request  itself  will  be  passed  on  by  the  82.12  I/O  Port  on  the  trailing  edge 
of  the  STB  strobe  Thus  INT  output  by  the  8214  PICU  will  be  delayed  by  the  STB  strobe 
width  before  it  appears  as  INT  output  by  the  8212  I/O  Port 

THE  TMS  5501  MULTIFUNCTION 
INPUT/OUTPUT  CONTROLLER 

This  is  a  multifunction  peripheral  logic  device  built  by  Texas  Instruments  only.  It  is 
designed  to  work  with  8080  or  8080A  CPUs.  The  TMS  5501  does  not  use  the 
8228  System  Controller;  it  decodes  the  Data  Bus  during  the  SYNC  pulse. 

The  TMS  5501  provides  many  of  the  functions  provided  by  the  8255  PPI,  8251 
USART,  8253  Programmable  Timer/Counter  and  8259  Priority  Interrupt  Control 
Unit.  In  each  case,  the  TMS  5501  has  simpler  logic,  with  fewer  options;  but  for  a 
very  large  number  of  applications,  TMS  5501  features  will  be  more  than  adequate. 

Here  are  the  TMS  5501  features  provided: 

1)  Two  external  interrupt  request  lines. 

2)  An  8-bit,  parallel  input  port. 
3}     An  8-bit,  parallel  output  port. 

4)  A  single,  asynchronous  serial  I/O  channel  without  handshaking. 

5)  Five  programmable  timers,  each  of  which  times  out  with  an  interrupt  request 
after  an  interval  that  may  range  from  64  microseconds  to  16.32  milliseconds. 

Figure  4-59  illustrates  those  logic  functions  in  our  standard  microcomputer 
system  illustration  which  have  been  implemented  by  the  TMS  5501. 

The  TMS  5501  is  fabricated  using  N-channel  silicon  gate  technology  and  is 
packaged  as  a  40-pin  DIP. 

TMS  5501  DEVICE  PINS  AND  SIGNALS 

Figure  4-60  illustrates  TMS  5501  device  pins  and  signals.  We  will  begin  by  sum- 
marizing these  signals. 

There  are  three  data  busses.  DO  -  D7  are  the  bidirectional  Data  Bus  pins  via  which 
data  is  transferred  between  the  TMS  5501  and  the  CPU  XIO  -  XI7  are  the  pins  via  which 
external  logic  inputs  8-bit  parallel  data  to  the  TMS  5501  XOO  -  X07  are  the  eight  pjns 
via  which  the  TMS  5501  outputs  8-bit  parallel  data  to  external  logic  Notice  that  XO 
lines  are  negative-true  whereas  XI  lines  are  positive-true-  Optionally  XI7  may  be  used 
for  low  priority  external  interrupt  requests 
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PIN  NAME  DESCRIPTION 

DO  -  D7  Data  Bus  to  CPU 

XIO  -  XI7  Data  Bus  from  external  logic 

XOO  -  X07  Data  Bus  to  external  logic 

XMT  Transmit  serial  data  line 

RCV  Receive  serial  data  line 

SENS  External  interrupt  sense 

INT  Interrupt  request 

CE  Chip  Select 

AO  -  A3  Address  Select 

SYNC  Synchronizing  signal  (SYNC)  from  8080A 

<H  $2  Clock  inputs,  same  as  to  8080A 

VBB'VCC'VDD-VSS  Power  supply  (-5V,  +  5V,  +  12V)  and  Ground 


TYPE 

Bidirectional 

Input 

Output 

Output 

Input 

Input 

Output 

Input 

Input 

input 

input 


Figure  4-60,  TMS  5501  Multifunction  Input/Output  Controller  Signals 
And  Pin  Assignments 
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Do  not  miss  the  significance  of  XO  negative  logic;  whatever 
you  write  to  the  TMS  5501  for  parallel  output  will  be  comple- 
mented. XO  signals  are  the  inverse  of  the  output  buffer  con- 
tents. 

Serial  I/O  data  uses  the  XMT  and  RCV  pins.  XMT  is  used  to  

transmit  serial  data,  whereas  RCV  is  used  to  receive  serial  data.  Note  that  RCV  is  a 
negative-true  signal,  whereas  XMT  is  a  positive-true  signal 

External  logic  may  request  interrupt  service  either  via  the  SENS  input  or  via  the 
XI7  input.  A  low-to-high  transition  on  either  signal  constitutes  an  interrupt  request 
SENS  is  always  part  of  external  interrupt  request  logic;  XI7  must  be  programmed  for 
this  purpose  —  in  which  case  the  eight  XI  pins  cannot  be  used  to  input  8-bit  paralfel 
data. 

Logic  internal  to  the  TMS  5501  may  also  generate  interrupt  requests.  Whatever 
the  source  of  the  interrupt  requests,  it  is  passed  on  to  the  CPU  via  the  INT  interrupt  re- 
quest signal. 

The  TMS  5501  is  accessed  either  as  16  I/O  ports  or  16  memory  locations.  Ad- 
dressing logic  consists  of  a  chip  select  (CE)  and  four  address  select  inputs  (A0,  A1 , 
A2  and  A3). 
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The  TMS  5501  receives  the  SYNC  timing  pulse,  and  this  requires  special  mention. 

While  SYNC  is  high,  the  TMS  5501  decodes  status  off  the  Data  Bus,  therefore  the  8228 
System  Controller  is  not  needed, 

Additional  signals  required  by  the  TMS  5501  are  the  identical  two  8080A  clock 
signals  <t>1  and  <£2.  Slight  clock  signal  variations  will  confuse  serial  I/O  logic  which 
computes  baud  rates  internally. 

A  feature  of  the  TMS  5501  which  you  must  note  carefully  is 
that  it  cannot  handle  Wait  states.  Any  Tyv  clock  periods  in  a 
machine  cycle  will  cause  the  TMS  5501  to  malfunction. 


TMS  5501 
WAIT  STATE 


There  is  a  further  unlikely  ramification  of  the  TMS  5501  inability  to  handle  Wait  states 
If  you  are  accessing  the  TMS  5501  as  16  memory  locations,  then  you  cannot  have 
a  Halt  instruction's  object  code  in  the  memory  location  immediately  preceding  the 
16  TMS  5501  addresses.  If  you  do,  the  Halt  instruction  will  execute,  following  which 
the  Address  Bus  will  contain  the  address  of  the  next  sequential  memory  location  — 
which  now  is  a  TMS  5501  address,  Thus,  the  TMS  5501  becomes  selected.  But  the 
TMS  5501  logic  cannot  cope  with  a  sequence  of  undefined  clock  periods,  which  is  ex- 
actly what  will  happen  following  a  Halt  instruction's  execution.  The  net  effect  is  that 
following  a  Halt,  the  TMS  5501  receiver  buffer  loaded  flag  will  be  inadvertently  cleared. 

Always  make  sure  that  the  memory  address  directly  preceding  the  16  addresses 
assigned  to  a  TMS  5501  remains  unused 

TMS  5501  DEVICE  ACCESS 

Some  of  the  16  I/O  port  or  memory  addresses  via  which  the  TMS  5501  device  is 
accessed  are  equivalent  to  memory  locations,  but  others  are  command  identifiers. 
Table  4-16  defines  the  manner  in  which  addresses  are  interpreted. 

You  will  find  the  TMS  5501  far  easier  to  use  if  you  address  it  as  16  memory  locations, 
because  that  will  give  you  access  to  memory  referencing  instructions. 

When  creating  TMS  5501  select  logic,  any  of  the  select  schemes  described  earlier  in 
this  chapter  will  do  —  with  one  addition  Include  READY  as  part  of  the  select  logic;  if 

READY  is  low,  a  Wait  state  will  follow,  and  that  will  cause  the  TMS  5501  to  malfunc- 
tion, By  making  READY  high  a  necessary  component  of  device  select  logic,  you  can 
avoid  this  problem. 

In  the  following  discussion  of  individual  TMS  5501  capabilities,  we  will  use  program- 
ming examples  to  show  the  effectiveness  of  including  the  TMS  5501  device  within  your 
memory  rather  than  I/O  space. 
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Table  4-16.  TMS  5501  Address  Interpretations 


A3 

A2 

A1 

A0 

FUNCTION 

0 

0 

0 

0 

Read  assembled  serial  input  data  byte  out  of  Receiver  Buffer 

0 

0 

0 

1 

Read  parallel  data  input  via  XIO  -  XI7 

0 

0 

1 

0 

Read  RST  instruction  code,  as  a  data  byte,  when  polling  interrupt  requests 

0 

0 

1 

1 

Read  Status  register  contents  to  the  CPU 

0 

1 

0 

0 

Write  command  code  to  the  TMS  5501 

0 

1 

0 

1 

Load  serial  I/O  Control  register,  specifying  baud  rate  and  stop  bits 

0 

1 

1 

0 

Write  data  byte  to  serial  transmit  logic 

0 

1 

1 

1 

Write  data  byte  to  parallel  output  port 

0 

0 

0 

Write  out  interrupt  mask  byte  to  selectively  enable  and  disable  interrupts 

0 

0 

1 

Write  initial  count  to  Interval  Timer  1 

0 

1 

0 

Write  initial  count  to  Interval  Timer  2 

0 

1 

1 

Write  initial  count  to  Interval  Timer  3 

1 

0 

0 

Write  initial  count  to  Interval  Timer  4 

1 

1 
1 

0 

1 
1 

1 

0 

1 

Write  initial  count  to  Interval  Timer  5 
No  Operation 
No  Operation 

TMS  5501  addressable  locations  3,  4  and  5  are  used  for  status  and  controls  which 
generally  apply  to  serial  I/O  and  interrupt  processing.  We  will  define  how  these  ports 
are  used  now,  in  advance  of  our  discussion  of  TMS  5501  serial  I/O  and  interrupt  pro- 
cessing capabilities- 
Locations  3  and  5  apply  to  serial  I/O  logic.  Location  3  is  a  Status  register  whose 
bits  are  interpreted  as  follows: 

Bit  No. 

■Serial  t/O  Status  register  (Address  3) 

1  Framing  error  detected 

1  Overrun  error  detected 

1  No  serial  data  being  received 

1  Receive  Buffer  ready  to  be  read 

1  Transmit  Buffer  empty 

1  interrupt  pending 

1  Serial  data  character  being  received 

1  Start  bit  as  been  detected 

Bits  0  and  1  are  standard  framing  and  overrun  error  indicators. 

If  a  framing  error  is  detected,  Status  register  bit  0  will  be  set  to  1  and  will  remain  1  until 
assembly  of  the  next  complete  serial  data  character  has  been  completed. 

If  Receiver  Buffer  contents  are  not  read  while  the  next  serial  character  is  being  input 
and  assembled,  an  overrun  error  will  be  reported  in  bit  1  of  the  Status  register  This  er- 
ror indicator  will  be  cleared  as  soon  as  the  Status  register  contents  are  read,  or  when  a 
reset  command  is  output  Remember,  you  have  the  time  it  takes  to  receive  and  assem- 
ble one  character  in  which  to  read  the  previous  character  out  of  the  Receiver  Buffer. 
This  is  because  receive  logic  includes  a  double  buffer.  A  character  is  assembled  in  a 
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Receiver  register;  when  completely  assembled,  it  is  shifted  to  a  Receiver  Buffer  and  the 
next  character  is  assembled  in  the  Receiver  register: 


RCV 

Receiver 
Register 
Contents 

Receiver 

Buffer 

Contents 


Byte  N 


3 L 


Byte  N  +  1 


Byte  N  being 
assembled 


Assembled  Byte  N-1, 
waiting  to  be  read 


Byte  N  +  1  being 
assembled 


Assembled  Byte  N, 
waiting  to  be  read 


Status  bits  2,  3,  6  and  7  monitor  the  condition  of  the  serial  data  input  signal.  Dur- 
ing a  break,  that  is,  when  no  valid  serial  data  is  being  input,  status  bit  2  will  be  high  As 
soon  as  a  start  bit  has  been  detected,  status  bit  2  will  be  reset  low  and  status  bit  7  will 
be  set  high.  When  the  first  valid  data  bit  is  detected,  status  bit  6  is  also  set  high,  When 
the  received  character  has  been  assembled  in  the  Receiver  Buffer,  and  may  be  read  by 
the  CPU,  status  bits  7  and  6  are  reset  and  status  bit  3  is  set  This  may  be  illustrated  as 
follows:  -.-■, 


*End  of  first  data  character 


Status  bit  4  applies  to  serial  transmit  logic.  As  soon  as  the  Transmit  Buffer  is  ready  to 
receive  another  byte  of  data,  status  bit  4  will  be  set  high  It  will  remain  high  until  new 
data  has  been  loaded  into  the  Transmit  Buffer 

Transmit  logic,  like  receive  logic,  is  double-buffered  A  byte  of  data  is  held  in  a 
Transmitter  register  while  being  output  serially,  meanwhile,  the  next  data  byte  may  be 
loaded  into  a  Transmitter  Buffer  Transmitter  Buffer  contents  are  automatically  shifted 
to  the  Transmitter  register  when  serial  output  of  a  data  byte  is  complete  This  may  be  il- 
lustrated as  follows" 


Contents 

Transmitter 

Buffer 

Contents 


Byte  N 


X 


Byte  N+  1 


Byte  N  being 
output  serially 

Write  Byte  N  +  1  into 

Transmitter  Buffer 

during  this  time 


X 


Byte  N  +  1  being 
output  serially 

Write  Byte  N  +  2  into 

Transmitter  Buffer 

during  this  time 
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Status  bit  4  is  high  from  the  instant  Transmitter  Buffer  contents  are  shifted  into  the 
Transmitter  register,  until  a  new  data  byte  is  written  into  the  Transmitter  buffer 

Status  bit  5  is  set  whenever  the  TMS  5501  has  an  unacknowledged  interrupt  re- 
quest. While  this  status  bit  is  very  important  in  serial  I/O  operations,  it  also  may  have 
application  elsewhere;  this  bit  therefore  may  be  looked  upon  as  an  exception  within  the 
Status  register,  in  that  it  is  the  only  status  flag  that  does  not  apply  strictly  to  serial  I/O 
operations 

TMS  5501  addressable  location  5  is  also  dedicated  to  serial  I/O.  Into  this  location 
you  must  load  a  control  byte  which  selects  baud  rate,  and  the  number  of  stop  bits 
Register  contents  will  be  interpreted  as  follows: 


Baud  Rate  Register  (Address  5) 


1  =  1 10  Baud 
1  -  150  Baud 
1  =  300  Baud 
1  =1200  Baud 
1  =  2400  Baud 
1  -  4800  Baud 
1  =  9600  Baud 
1  =  One  stop  bit 
0  =  Two  stop  bits 


Baud  rates  raised 
on  2  mHz  clock 


If  more  than  one  of  bits  0  through  6  are  high,  then  the  highest  indicated  baud  rate  will 
be  selected.  If  no  baud  rate  bit  is  high,  then  ail  serial  transmit  and  receive  logic  will  be 
inhibited. 

TMS  5501  addressable  location  4  is  a  general  command  register.  Its  contents  will 
be  interpreted  as  follows: 


Bit  No. 

Control  Register  (Address  4) 

1  =  Device  reset 

1  =  Output  Mark  on  idle 

0  =  Output  space  on  idle 

1  =  Select  XI7  as  lowest  priority  interrupt 

0  =  Select  interval  timer  5  as  lowest  priority  interrupt 

1  =  Enable  TMS  5501  interrupt  acknowledge 
0  =  Disable  TMS  5501  interrupt  acknowledge 

0  =  Normal  baud  rate  and  interval  timing 

1  =TMS  5501  #1  internal  clocking  runs  eight  times  normal  rate,  which 
1)  multiplies  all  baud  rates  in  the  baud  rate  register  by  8,  allowing 
high  speed  data  transfers  at  rates  up  to  76.8  kilo  baud 
2}  decrements  the  interval  timers  every  8  microseconds 

0  =  Normal  operation 

1  =  INT  outputs  a  clock  whose  frequency  depends  on  bit  4.  If  bit  4  is  reset 
(0),  the  output  frequency  is  the  system  clock  frequency  divided  by  128. 
If  bit  4  is  set  (1),  the  output  frequency  is  the  system  clock  frequency 
divided  by  16, 

Can  have  any  value 
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If  your  system  does  not  require  interrupts  from  the  TMS  5501,  you  can  set  bit  5 
high  to  derive  a  TTL  compatible  clock  from  the  INT  output. 

If  the  TMS  5501  device  is  reset  by  outputting  1  to  bit  0,  then  TMS  5501 

the  following  events  will  occur:  RESET 


Serial  receive  logic  enters  the  Hunt  mode  Status  bits  2,  3,  6 
and  7  are  all  reset;  however,  reset  will  not  clear  the  Receive  Buffer  contents, 
Serial  transmit  logic  will  output  a  high  marking  signal  Status  bit  4  will  be  set  high 
indicating  that  transmit  logic  is  ready  to  receive  another  data  byte. 
The  interrupt  mask  register  is  cleared  with  the  exception  of  the  Transmit  Buffer  in- 
terrupt which  is  enabled    (Interrupt  levels  and  interrupt  masking  are  described 
shortly) 

All  interval  timers  are  halted 


The  Reset  has  no  effect  on  any  of  the  following: 
•Parallel  input  and  output  port  contents 

•  Interrupt  acknowledge  enable 

•  Interrupt  Mask  register  contents 

•  Baud  rate  register  contents 

•  Serial  Transmit  or  Receive  Buffer  contents 

Control  command  bit  1  determines  whether  serial  transmit  logic  will  mark  or 
space  when  not  transmitting  data.  A  1  in  bit  1  will  cause  serial  transmit  logic  to  mark 
(output  high)  while  a  0  in  bit  1  will  cause  transmit  logic  to  space  (output  low) 

If  Reset  conflicts  with  the  break  specification,  then  Reset  will  override  and  transmit 
logic  will  mark,  irrespective  of  the  break  bit  specification. 

The  TMS  5501  can  receive  an  interrupt  request  from  one  of  nine  different  sources. 
Using  the  eight  Restart  instructions,  each  interrupt  request  is  assigned  one  of  eight 
priorities  For  this  to  be  possible,  two  interrupt  sources  share  the  lowest  priority  inter- 
rupt level  (RST  7),  these  two  sources  are  an  externa!  request  arriving  via  XI7  and  the  In- 
terval Timer  5  time  out  interrupt  request  You  use  bit  2  of  the  control  command  to 
select  which  requesting  source  will  be  active  at  any  time  as  the  lowest  priority  in- 
terrupt. 

Bit  3  of  the  control  command  is  a  master  enable/disable  for  TMS  5501  interrupt 
logic.  If  this  bit  is  output  as  0,  then  TMS  5501  interrupt  acknowledge  logic  is  dis- 
abled—  and  that  effectively  disables  the  entire  interrupt  processing  system  Observe 
that  with  interrupt  acknowledge  logic  disabled  you  can  still  use  polling  techniques  in 
lieu  of  interrupt  processing 

Table  4-17    TMS  5501  interrupt  Logic  And  Priorities 


Interrupt 

and  Mask 

Bit 

Data  Bus 
Status 

RST 
Instruction 

Interrupting  Source 

D5 

D4 

D3 

0  (highest) 

1 

2 

3 

4 

5 

6 
7  (lowest) 

0 
0 
0 
0 

1 
1 
1 
1 

0 
0 
1 
1 

0 
0 

1 

1 

0 

1 
0 
1 
0 

1 

0 

1 

RSTO 
RST1 
RST  2 
RST  3 
RST  4 
RST  5 
RST  6 
RST  7 

Interval  Timer  1 

Interval  Timer  2 

External  SENS  interrupt  request 

Interval  Timer  3 

Serial  I/O  Receiver  Buffer  full 

Serial  I/O  Transmitter  Buffer  full 

Interval  Timer  4 

Interval  Timer  5,  or  external  XI7 

interrupt  request,  whichever  has 

been  selected  by  command  code 
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TMS  5501  INTERRUPT  HANDLING 

The  TMS  5501  responds  to  nine  different  interrupt  requests,  with  priorities  as 
defined  in  Table  4-17. 

When  an  interrupt  is  acknowledged,  INT  is  output  high  by  the  TMS  5501 ,  If  the  TMS 
5501  INT  output  is  connected  to  the  8080A  INT  input,  then  the  8080A  will 
acknowledge  the  interrupt  by  outputting  D1  high  at  SYNC  high.  The  TMS  5501  res- 
ponds to  this  acknowledge  by  placing  an  RST  instruction's  object  code  on  the  Data  Bus, 
as  required  by  standard  8080A  timing.  This  is  an  utterly  standard  8080A  interrupt 
request/acknowledge  sequence. 

Interrupts  may  be  selectively  disabled  by  writing  a  mask  to  TMS  5501  Register  8; 
see  Table  4-16.  A  0  bit  will  disable  an  interrupt;  mask  bits  are  related  to  priorities  as 
follows: 


7    6     5 


cm 


4    3    2     1 

TTT 


0  -*- 


-  Bit  No. 

-  TMS  5501  Register  8 

-  Interval  Timer  1 

-  Interval  Timer  2 

-  External  SENS  interrupt  request 

-  Interval  Timer  3 

-Serial  I/O  Receiver  Buffer  full 
-Serial  I/O  Transmitter  Buffer  full 

-  Interval  Timer  4 


Interval  Timer  5  or  external  XI7  interrupt  request 

Note  that  TMS  5501  interrupt  priorities  apply  to  the  request/acknowledge  sequence 
only — which  is  the  standard  passive  interrupt  priority  arbitration  sequence  used  in 
most  microcomputer  applications  Once  an  interrupt  is  acknowledged  and  is  being  ser- 
viced by  an  interrupt  service  routine,  it  is  up  to  the  programmer  to  disable  all  interrupts, 
or  selected  interrupts,  if  the  interrupt  service  routine  is  not  itself  to  get  interrupted,  if, 
for  example,  an  interrupt  were  to  be  acknowledged  at  priority  3  (Interval  Timer  3),  in  the 
normal  course  of  events  the  8080A  CPU  will  disable  all  interrupts  upon  acknowledging 
any  interrupt.  Therefore  the  Interval  Timer  3  interrupt  service  routine  will  deny  any 
other  interrupt  request,  whatever  its  priority,  until  the  Interval  Timer  3  service  routine 
completes  execution.  If  the  Interval  Timer  3  interrupt  service  routine  were  to  im- 
mediately enable  all  interrupts,  then  any  other  interrupt  request  would  be 
acknowledged,  irrespective  of  priority 

If  you  want  to  ensure  that  only  higher  priority  requests  interrupt  the  Timer  3  service 
routine,  then  the  Trmer  3  service  routine  must  begin  by  outputting  a  mask  to  disable  all 
lower  level  interrupts  at  the  TMS  5501 ;  then  it  must  enable  all  interrupts  at  the  CPU 
Here  i$  the  necessary  instruction  sequence: 


MVI 
El 


TMS8,07H 


, OUTPUT  MASK  TO  REGISTER  8  OF  TMS  5501 
.ENABLE  INTERRUPTS 


The  mask  output  in  this  case  has  the  value  07,  since  mask  bits  0,  1  and  2  only  must  be 
set  to  1,  enabling  the  highest  three  interrupt  priority  levels 


TMS  5501 

NONSTANDARD 

FEATURES 


Let  us  now  look  at  the  nonstandard  features  associated 
with  TMS  5501  interrupt  handling  logic.  First  of  all,  so 
long  as  there  is  an  unacknowledged  interrupt  request. 
Status  register  bit  5  is  set  to  1 ;  next  the  RST  instruction  ob- 
ject code  for  the  highest  level  interrupt  request  is  stored  in  TMS  5501  Register  2  This 
allows  you  to  bypass  normal  interrupt  processing  logic  and  poll  the  TMS  5501  instead. 


4-187 


In  order  to  bypass  interrupt  logic,  simply  disconnect  the  TMS  5501  INT  output  from  the 
8080A  INT  input.  You  can  still  identify  interrupt  requests  occurring  within  the  TMS 
5501  by  reading  the  TMS  5501  Status  register.  If  bit  5  of  the  Status  register  is  1,  then 
one  or  more  interrupt  requests  are  active  within  the  TMS  5501.  In  order  to  determine 
which  is  the  highest  level  active  interrupt  request,  read  the  contents  of  TMS  5501 
memory  location  2.  The  RST  instruction  object  code  corresponding  to  the  highest 
priority  interrupt  request  will  have  been  assembled  in  this  location  Bits  3,  4  and  5  of 
the  RST  instruction  object  code  identify  the  priority  level.  Thus  you  can  determine 
which  of  the  eight  priority  levels  was  the  highest  active  interrupt  request.  Here  is  a  typi- 
cal polling  sequence: 

;ASSUME  THAT  THE  TMS  5501  ADDRESS  SPACE  CONSISTS  OF  16  MEMORY 
LOCATIONS  FROM  8000  THROUGH  800F  TMS5  IS  THE  SYMBOL  ASSIGNED 
;TO  THE  BASE  ADDRESS 
TMS5         EQU  8000H 


;TEST  STATUS  REGISTER  FOR  INTERRUPT  PENDING 

LDA  TMS5+3  ;LOAD  STATUS  TO  ACCUMULATOR 

ANI  20H  ;ISOLATE  BIT  5 

JNZ  TMS5+2  ;IF  NOT  ZERO,  AN  INTERRUPT  HAS  BEEN 

REQUESTED 


It  is  worth  spending  a  minute  looking  at  the  three-instruction  sequence  illustrated 
above.  The  TMS  5501  Status  register  contents  are  loaded  into  the  Accumulator  by  the 
LDA  instruction.  The  next  instruction  isolates  bit  5  If  bit  5  is  1,  then  an  interrupt  has 
been  requested,  and  the  next  instruction,  a  JNZ,  branches  program  execution  to  a 
memory  location  within  the  TMS  5501  itself,  Will  that  work?  Indeed,  it  will.  The  label 
TMS5+2  addresses  TMS  5501  Register  2,  which  contains  an  RST  instruction's  object 
code;  this  is  the  object  code  which  would  have  been  output  in  response  to  a  normal  in- 
terrupt acknowledge.  What  the  JNZ  instruction  does  is  cause  this  RST  instruction's  ob- 
ject code  to  be  executed  next;  and  that  is  precisely  the  logic  sequence  which  a  normal 
interrupt  response  would  have  implemented 

Notice  that  the  very  simple  method  we  have  illustrated  for  polling  on  status  only  works 
if  the  TMS  5501  can  be  addressed  as  memory  locations  rather  than  I/O  ports. 

TMS  5501  PARALLEL  I/O  OPERATIONS 

It  is  very  easy  to  handle  simple  parallel  I/O,  without  handshaking,  using  the  TMS 
5501.  This  is  equivalent  to  8255  Mode  0  operation.  TMS  5501  address  1  accesses  the 
parallel  8-bit  input  port,  while  address  7  accesses  a  parallel  8-bit  output  port  (see  Table 
4-16),  Assuming  that  the  TMS  5501  is  addressed  as  memory,  input  and  output  opera- 
tions are  handled  using  any  memory  reference  instructions. 

A  very  limited  amount  of  parallel  I/O  handshaking  is  available.  The  SENS  interrupt 
input  signal  can  be  used  by  external  logic  either  to  indicate  that  it  has  read  output  data, 
or  to  indicate  that  it  has  transmitted  input  data.  However,  the  TMS  5501  device  itself 
has  no  control  signals  which  can  be  used  to  prompt  external  logic;  that  is  to  say,  the 
TMS  5501  has  no  signal  equivalent  to  the  8255  OBF  control.  When  comparing  the 
parallel  I/O  capabilities  of  the  TMS  5501  with  the  8255,  therefore,  we  conclude  that 
8255  Mode  0  operations  can  be  duplicated  without  problems,  but  neither  Mode  1  nor 
Mode  2  parallel  I/O  operations  with  handshaking  can  be  duplicated.  Only  a  primitive 
level  of  parallel  I/O  with  handshaking  exists  within  the  TMS  5501  and  even  this  exists 
at  the  expense  of  external  interrupt  logic. 
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TMS  5501  SERIAL  I/O  OPERATION 

A  significant  asynchronous,  serial  I/O  capability  is  provided  by  the  TMS  5501. 
Synchronous  serial  I/O  is  not  supported. 

There  are  very  significant  differences  between  the  implementation  of 
asynchronous  serial  I/O  by  the  TMS  5501,  as  compared  to  the  8251  USART. 

The  TMS  5501  has  separate  serial  transmit  and  receive  pins  (XMT  and  RCV),  but  it  has 
no  accompanying  handshaking  control  signals;  instead  5th  and  6th  priority  interrupts 
identify  Receiver  Buffer  full  and  Transmit  Buffer  full,  respectively  Bits  2,  3,  6  and  7  of 
the  Status  register  (addressable  location  3)  identify  the  condition  of  a  serial  receive  data 
stream. 

When  using  the  TMS  5501 ,  you  have  to  continuously  read  in  the  contents  of  the  Status 
register  and  test  the  condition  of  appropriate  status  bits  in  order  to  implement  standard 
serial  receive  logic;  however,  in  the  end  you  can  implement  the  same  serial  receive 
logic  as  is  provided  automatically  by  the  8251  USART,  Here  is  the  relationship  between 
the  TMS  5501  and  the  8251  USART  controls: 

8251  USART        TMS  5501  EQUIVALENT 

TxRDY  Status  register  bit  4 

TxE  None 

TxC  Baud  Rate  register 

RxRDY  Status  register  bit  3 

RxC  Baud  Rate  register 

SYNDET  None 

Probably  the  most  significant  difference  between  TMS  5501  and  8251  USART  control 
is  the  fact  that  TMS  5501  baud  rate  is  programmed  by  outputting  an  appropriate  Con- 
trol  code,  while  it  is  clocked  by  rate  signals  input  to  the  8251  USART  The  TMS  5501 
advantage  is  that  the  TMS  5501  does  not  need  externa!  baud  rate  clock  generation 
logic;  however  there  must  be  a  very  precise  synchronization  between  the  TMS  5501 
and  whatever  external  logic  it  is  communicating  with.  Minor  timing  differences  are  no 
problem  when  using  an  8251  USART  since  a  clock  signal  can  accompany  the  serial 
data  stream.  Minor  timing  differences  can  be  intolerable  when  using  the  TMS  5501;  a 
small  difference  between  TMS  5501  baud  rate  and  externa!  clock  signals  can  generate 
very  significant  errors. 

TMS  5501  INTERVAL  TIMERS 

The  TMS  5501  has  five  programmable  Interval  Timers.  Each  timer  can  be  loaded 
with  an  initial  count  ranging  from  01  {lowest)  through  FF-|£  (highest).  Each  Timer 
will  decrement  one  count  every  64  microseconds.  As  soon  as  a  programmable 
timer  counts  out  to  zero,  it  requests  an  interrupt.  In  our  discussion  of  TMS  5501  in- 
terrupt logic,  we  have  defined  the  priority  levels  assigned  to  the  various  Interval  Timers. 
Notice  that  Interval  Timer  priorities  have  been  spread  across  the  range  of  priority  levels. 
By  using  Interval  Timer  1  or  2,  you  can  be  sure  of  precise  time  intervals,  since  an  inter- 
rupt request  will  be  acknowledged  with  little  or  no  delay.  Timers  4  and  5,  being  the 
lowest  priority,  can  be  used  to  generate  less  precise  time  intervals.  It  is  conceivable  that 
interrupt  requests  originating  at  these  two  timers  might  have  to  wait  a  significant 
amount  of  time  before  being  serviced  —  if  there  is  any  degree  of  interrupt  traffic  within 
the  microcomputer  system. 

Loading  a  0  value  into  an  Interval  Timer  causes  an  immediate  interrupt  request. 

When  a  nonzero  value  is  loaded  into  an  Interval  Timer,  it  starts  to  count  down  im- 
mediately. If  a  new  value  is  loaded  into  an  Interval  Timer  while  it  is  halfway  through 
counting  out,  then  the  new  value  will  be  accepted;  it  will  override  the  previous  value 
and  subsequently  will  be  decremented.  Therefore  the  Interval  Timers  are  retriggerable. 

Once  an  interval  Timer  counts  out,  it  halts. 
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MISCELLANEOUS  8080A  SUPPORT  DEVICES 

A  few  devices  need  to  be  identified  as  members  of  the  8080A  microcomputer 
family,  not  because  these  devices  are  in  any  way  specific  to  microcomputer 
system  logic,  but  rather  because  they  are  frequently  used  within  microcomputer 
configurations.  These  devices  include  the  8205,  which  is  a  1  -of-8  decoder,  and 
various  bidirectional  bus  drivers. 

THE  8205  1-OF-8  DECODER 

This  device,  along  with  its  truth  table,  is  illustrated  in  Figure  4-61.  A  three  binary 
digit  octal  value,  arriving  at  inputs  AO,  A1  and  A2,  selects  one  of  the  eight  outputs, 
00  -  07.  The  selected _out put  is  low,  while  all  other  outputs  are  high.  There_are  three 
device  enable  signals,  E1 ,  E2  and  E3.  The  device  is  enabled  by  low  inputs  at  E1  and  E2, 
with  a  high  input  at  E3  Any  type  of  synchronizing  logic  can  be  used  as  part  of  the  ena- 
ble logic  in  order  to  synchronize  outputs  with  the  microcomputer  system. 

BIDIRECTIONAL  BUS  DRIVERS 

Bidirectional  bus  drivers  are  very  important  in  microcomputer  systems,  because  in  most 
cases  devices  can  handle  very  limited  loads.  The  purpose  of  the  bidirectional  bus  driver 
is  to  guarantee  signal  integrity  during  normal  operating  loads.  Figure  4-62  illustrates 
typical  bidirectional  bus  driver  logic.  Each  buffered  line  consists  of  two  separate 
buffers.  On  one  side  of  the  driver  the  output  of  one  buffer  and  the  input  of  another  are 
tied  together  to  provide  the  System  Bus  interface  (DB)  On  the  other  side  of  the  driver, 
inputs  and  outputs  are  separated.  Two  inputs  control  data  flow  within  the  device.  DIEN 
determines  the  direction  of  data  flow;  when  low,  data  flows  from  DIO  -  DI3  to 
DBO  -  DB3;  when  high,  data  flows  from  DBO  -  DB3  to  DOO  -  D03 

CS  is  a  standard  device  select  which  must  be  enabled  in  the  usual  way 

In  addition  to  the  8216  and  8226  bidirectional  bus  drivers,  a  number  of  products  are 
available  from  Texas  Instruments;  device  numbers  include  the  following:  SN543240, 
SN54S241.  SN74S240,  SN74S241,  SN54LS240,  SN54LS241,  SN54LS242. 
SN54LS243,  SN74LS240,  SN74LS241,  SN74LS242,  SN74LS243 
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Figure  4-61.  The  8205  1-0f-8  Decoder 
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Figure  4-62    Bidirectional  Bus  Drivers 
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DATA  SHEETS 

In  this  section  you  will  find  the  electrical  characteristics  and  specific  delay  times  for  the 
8080A  and  all  related  devices  discussed  in  this  chapter 
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SILICON  GATE  MOS  8080A 


A.C.  CHARACTERISTICS 

TA  =  0°C  to  70°C.  VDD  =  +  12V  ±  5%.  Vcc  =  +5V  ±  5%,  VBB  =  -5V  ±  5% 

-Vss  = 

IV,  Unless  Otherwise  Noted 

Symbol 

Parameter 

Mm 

Max. 

Unit 

Test  Condition 

tcv[3l 

Clock  Period 

0,48 

2.0 

Msec 

tr.tf 

Clock  Rise  and  Fall  Time 

0 

50 

nsec 

t*1 

0!  Pulse  Width 

60 

nsec 

t*2 

02  Pulse  Width 

220 

nsec 

tDI 

Delay  0i  to  02 

0 

nsec 

^2 

Delay  $2  to  01 

70 

nsec 

tD3 

Delay  (fa  to  02  Leading  Edges 

80 

nsec 

tOA™ 

Address  Output  Delay  From  #2 

200 

nsec 

~CL  =  100pf 

too [21 

Data  Output  Delay  From  02 

220 

nsec 

tDC^21 

Signal  Output  Delay  From  0,,  or  02  (SYNC,  wr.wait.hlda) 

120 

nsec 

-  CL  =  50pf 

tDFU) 

DBIN  Delay  From02 

25 

140 

nsec 

tD,m 

Delay  for  Input  Bus  to  Enter  Input  Mode 

tDF 

nsec 

*DS1 

Data  Setup  Time  During  0j  and  DBIN 

30 

nsec 

TIMING  WAVEFORMS  l 


(Note:   Timing  measurements  are  made  at  the  following  reference  voltages:  CLOCK  "]"  =  8  0V 
"0"  =  1.0V;  INPUTS  "1"  =  3,3V,  "0"  =  0.8V;  OUTPUTS  "1"  =  2.0V,  "0"  =  0 ,8V.) 
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SILICON  GATE  MOS  8080  A 


ABSOLUTE  MAXIMUM  RATINGS* 

Temperature  Under  Bias 0°C  to  +70°  C 

Storage  Temperature .  .   -65° C  to  +150°C 

All  Input  or  Output  Voltages 

With  Respect  to  VBB -0.3V  to  +20V 

Vcc.  vOD  and  Vss  With  Respect  to  VBB             -0.3V  to  +20V 
Power  Dissipation   ,  .  1  .5W 


'COMMENT  Stressesabove  those  listed  under  Absolute  Maxi- 
mum Ratings"  may  cause  permanent  damage  to  the  device. 
This  is  a  stress  rating  only  and  functional  operation  of  the  de- 
vice at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  sections  of  this  specification  is  not  implied.  Ex- 
posure  to  absolute  maximum  rating  conditions  for  extended 
periods  may  affect  device  reliability. 


D.C.  CHARACTERISTICS 

TA  =  0°C  to  70°C,  VDD  =  +12V  ±  5%,  Vcc  =  +5V  ±  5%,  VBB  =  -5V  +  5%,  Vss  =  0V,  Unless  Otherwise  Noted 


Symbol 

Parameter 

Min. 

Typ 

Max, 

Unit 

Test  Condition 

V.LC 

Clock  Input  Low  Voltage 

Vss-i 

Vss+08 

V 

Iql  =  1.9mA  on  all  outputs, 
"Ioh=-150jjA. 

Operation 
TCY  =  .48  ysec 

VSS  <  V(N  <  vcc 

VSs  <  VcLOCK  ^  VDD 

vss<v,N<vss+o.8v 

Vss+0,8V<ViN<Vcc 

VADDB/DATA  =  VCC 

Vaddr/data=  Vss  +  0.45V 

V!HC 

Clock  input  High  Voltage 

9.0 

VDD  +  1 

V 

ViL 

Input  Low  Voltage 

Vss-1 

Vss+0.8 

V 

V,H 

Input  High  Voltage 

3.3 

Vqc  +  1 

V 

Vol 

Output  Low  Voltage 

0.45 

V 

Voh 

Output  High  Voltage 

37 

V 

bo  {AV> 

Avg.  Power  Supply  Current  (Vqq) 

40 

70 

mA 

!CC  (AV) 

Avg.  Power  Supply  Current  (V^) 

60 

80 

mA 

!BB(AV) 

Avg..  Power  Supply  Current  (VBB) 

.01 

1 

mA 

'IL 

Input  Leakage 

±10 

PA 

'CL 

Clock  Leakage 

±10 

juA 

Idl^ 

Data  Bus  Leakage  in  Input  Mode 

-100 
-2.0 

pA 
mA 

Ml 

Address  and  Data  Bus  Leakage 
During  HOLD 

+  10 
-100 

PA 

CAPACITANCE 

TA  =  25°  C       Vcc  -  V0D  =  VSS  =  0V,  VBB  =  -5V 


Symbol 

Parameter 

Typ 

Max. 

Unit 

Test  Condition 

c« 

Clock  Capacitance 

17 

25 

pf 

fc  =  1  MHz 

CIN 

Input  Capacitance 

6 

10 

pf 

Unmeasured  Pins 

COUT 

Output  Capacitance 

10 

20 

Pf 

Returned  to  Vss 

NOTES: 

1  The  RESET  signal  must  be  active  for  a  minimum  of  3  clock  cycles.. 

2  When  DBIN  is  high  and  V|n  >  V|H  an  internal  active  pull  up  will 
be  switched  onto  the  Data  Bus 

3.   Al  supply  /  ATA  =  -0.45%/"  C 


TYPICAL  SUPPLY  CURRENT  VS. 
TEMPERATURE,  NORMALIZED. !3l 
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SILICON  GATE  MOS  8080A 


A.C.  CHARACTERISTICS  (Continued) 

TA=0°Cto70oC,VDD  =  +12V  ±  5%,  Vcc  =  +5V  ±  5%,  VBB  =  -SV  ±  5%,  V-js  =  OV,  Unless  Otherwise  Noted 


Symbol 

Parameter 

Min. 

Max. 

Unit 

Test  Condition 

*DS2 

Data  Setup  Time  to  $2  During  DBIN 

150 

nsec 

t0H»l 

Data  Hold  Time  From  <t>2  During  DBIN 

[11 

nsec 

t,E.2l 

INTE  Output  Detay  From  <t>2 

200 

nsec 

CL  -  50pf 

tas 

READY  Setup  Time  During  <p2 

120 

nsec 

tHS 

HOLD  Setup  Time  to  <j>2 

140 

nsec 

hs 

tNT  Setup  Time  During  4>2  (During^  in  HBlt  Mode) 

120 

nsec 

tH 

Hold  Time  From  02  (READY,  iNT,  HOLD} 

0 

nsec 

tFD 

Delay  to  Float  During  Hold  (Address  and  Data  Bust 

120 

nsec 

tAWI21 

Address  Stable  Prior  to  WR 

[5] 

nsec 

tDW!21 

Output  Data  Stable  Prior  to  WR 

[6] 

nsec 

tWDl23 

Output  Data  Stable  From  WR 

17] 

nsec 

iy,AB) 

Address  Stable  From  WR 

[7] 

nsec 

_  CL=  100pf:  Address,  Data 
CL=50pf:  WR,  HLDA,  DBIN 

tHpBI 

HLDA  to  Float  Delay 

[8] 

nsec 

tWF(2] 

WR  to  Float  Delay 

E9] 

nsec 

tAH^ 

Address  Hold  Time  After  DBIN  During  HLDA 

-20 

nsec 

A 


D,-Oe 
SYNC 


A. 


wbled  with  OBiN  status  No  bui  conflict  can  then  occur  and  data  hold  time  it  assured 


r~\ 


HE 


~t= 


r~v- 


-it 


5t 


(p 


3    tCY  -  t03  +  tr<t>2  +  ^2  +  tfw  +  <D2  +  'r*t  >  «0m 

TYPICAL  A  OUTPUT  DELAY  VS.  A  CAPACITANCE 


^•SPEC 

J  CAPACITANCE  Ipf] 
(CACTUAl.  ~  C5PEc' 

4  The  following  ore  relevant  whan  interfacing  the  8080A  to  devices  having  V|H  -  3  3V: 
a)   Maximum  output  rise  time  from  8V  to  3  3V  =  100nj  @  C[_  •  SPEC 

bl  Output  delay  when  measured  to  3.0V  -  SPEC  +60ns  ®  C|_  -  SPEC. 

c>   If  CL  *  SPEC,  add  ,6ns/pF  if  C\>  CSPEC  subtract  3ns/pF  (from  modified  delay)  if  CL  <  CSPEC 

5  lAH"  2tcY-«D3-<r*J-1''0niee 

6  tDW<CY-ID3-'r«2-170"s«:. 

7  if  not  HLDA.,  tyVD  =  <WA  "  'D3  +  <r«2  *10m,  if  HLDA,  two  "  <WA  "  «WF 

8  *HF  -  »D3  +  »r*2  -SOni, 
9.   tWF  *  tD3  +  <r*2  -10ns 

10.  Data  in  must  be  stable  for  this  period  during  DBIN  -T3  Both  tQSI  and  >DS2  mu«  b»  »liifi«d. 

11.  Ready  signal  must  be  stable  for  this  period  during  Tj  or  Tyy-  (Must  be  externally  jyrtchrontled  ) 

12  Hold  signal  must  be  stable  for  this  period  during  T2  or  Tw  when  entering  hold  mode,  and  during  T3,  T4,  Ts 
andTWH  when  jn  hold  mode,  (External  synchronization  is  not  required) 

13  Interrupt  signal  must  be  stable  during  this  period  of  the  loss  clock  cycle  of  any  instruction  in  order  to  be 
recognized  on  the  following  instruction.  (External  synchronization  is  not  required,) 

14.  This  timing  diagram  shows  timing  relationships  only;  it  does  not  ropresem  any  specific  machine  cycle. 
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SCHOTTKY  BIPOLAR  8224 


O.C.  Characteristics 

TA  -  0°C  to  70°C;  Vcc  =  +5.0V  ±5%;  VDD  =  +12V  ±5%. 


Parameter 

Limits 

Units 

Symbol 

Min. 

Typ. 

Max. 

Test  Conditions 

lF 

Input  Current  Loading 

-25 

mA 

VF  =  45V 

Ir 

Input  Leakage  Current 

10 

fiA 

VR  =  5.25V 

vc 

Input  Forward  Clamp  Voltage 

1.0 

V 

lc  =  -5mA 

V,L 

Input  "Low"  Voltage 

.8 

V 

VCC  =  5.0V 

V,H 

Input  "High"  Voltage 

2,6 
2.0 

V 

Reset  Input 
All  Other  Inputs 

VIH-V|L 

REDIN  Input  Hysteresis 

.25 

mV 

VCC  -  5.0V 

Vol 

Output  "Low"  Voltage 

.45 
.45 

V 
V 

(01,02).  Ready,  Reset,  STSTB 

Iol  =2.5mA 

All  Other  Outputs 

Iol  =  15mA 

V0H 

Output  "High"  Voltage 

READY,  RESET 
All  Other  Outputs 

9,4 
3,6 
2.4 

V 
V 
V 

I0h  =  -IOOjltA 
f0H  =-100/liA 
IrjH  =  -1mA 

isc(l1 

Output  Short  Circuit  Current 
(All  Low  Voltage  Outputs  Only) 

-10 

-60 

mA 

Vo  =  0V 
VCC  =  5.0V 

*CC 

Power  Supply  Current 

115 

mA 

bo 

Power  Supply  Current 

12 

mA 

s,  0-|  and  <t>2  output  dri' 


s  do  not  have  short 


CRYSTAL  REQUIREMENTS 

Tolerance:   .005%  at  0°C  -70°C 
Resonance:   Series  (Fundamental)* 
Load  Capacitance:  20-35pF 
Equivalent  Resistance:   75-20  ohms 
Power  Dissipation  (Min):   4mW 


•With  ti 


it  use  3rd 
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SCHOTTKY  BIPOLAR  8224 


A.C.  Characteristics 

VCC  =  +5.0V  ±  5%;  VDD  =  +1 2.0V  ±  5%;  TA  =  0°C to  70°C 


Parameter 

Limits 

Units 

Test 

Symbol 

Mm. 

Typ. 

Max. 

Conditions 

t*i 

01  Pulse  Width 

*S£-2Qn, 
9 

ns 

t*2 

02  Pulse  Width 

^V-35ns 
9 

tDI 

01  to  02  Delay 

0 

tD2 

02  to  0i  Delay 

?^-14ns 
9 

CL  =  20pF  to  50pF 

tD3 

01  to  02  Delay 

2tcy 
9 

nf  +  20ns 

tR 

0t  and  02  Rise  Time 

20 

tF 

01  and  02  Fall  Time 

20 

tD02 

02  to  02  (TTL}  Delay 

-5 

+15 

ns 

02TTL,CL=3O 

R^aoon 

R2=600fl! 

tDSS 

02  to  STSTB  Delay 

^V-30ns 
9 

6tcy 
9 

tpw 

STSTB  Pulse  Width 

T-'5ra 

STSTB,  CL=15pF 
Ri  =  2K 

*DRS 

RDYIN  Setup  Time  to 
Status  Strobe 

■n.-*S 

R2  =  4K 

tDRH 

RDYIN  Hold  Time 
After  STSTB 

4tcy 
9 

*DR 

RDYIN  or  REStNto 
02  Delay 

4tcy„25ns 
9 

Ready  &  Reset 
CL=10pF 
Rt=2K 
R2-4K 

tCLK 

CLK  Period 

tcy 

'max 

Maximum  Oscillating 
Frequency 

27 

MHz 

c« 

Input  Capacitance 

8 

pF 

vcc=+5.ov 

VDD=+12V 
VBias=2.5V 
f=1MHz 

4-197 


SCHOTTKY  BIPOLAR  8224 


WAVEFORMS 


1 


If 


» 


RDVIN  OR  RESIN 


■:zx 


\ 


A. 


11. 


_t 


VOLTAGE  MEASUREMENT  POINTS:  01(  02  Logic  "0"  =  1-0V,  Logic  "1"  «  8.0V,  AH  other  signals  measured  at  1.5V. 

EXAMPLE: 

A.C.  Characteristics  {For  tCY  =  488.28  ns) 

TA  =  0°C  to  70°C;  VD0  =  +5V  ±5%;  VDD  =  +12V  ±5%. 


Parameter 

Limits 

Units 

Symbol 

Min. 

Typ. 

Max. 

Test  Conditions 

t*l 

<p:  Pulse  Width 

89 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

tCY=488.28ns 

t*2 

02  Pulse  Width 

236 

tD1 

Delay  01  to  4>2 

0 

*D2 

Delay  02  to  0-| 

95 

0;  &  02  Loaded  to 

tD3 

Delay  ^  to  02  Leading  Edges 

109 

129 

Cl  -  20  to  50pF 

tf 

Output  Rise  Time 

20 

tf 

Output  Fall  Time 

20 

tDSS 

02  to  STSTB  Delay 

296 

326 

tD02 

02  to  02  <TTL)  Delay 

-5 

+15 

tpw 

Status  Strobe  Pulse  Width 

40 

Ready  &  Reset  Loaded 
to  2mA/10pF 

*DRS 

RDYIN  Setup  Time  to  STSTB 

-167 

tDRH 

RDYIN  Hold  Time  after  STSTB 

217 

All  measurements 

*DR 

READY  or  RESET 
to  02  Oelay 

192 

referenced  to  1 .5V 
unless  specified 
otherwise. 

fMAX 

Oscillator  Frequency 

18.432 

MHz 
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SCHOTTKY  BIPOLAR  8228 


WAVEFORMS 


SYSTEM  BUS 


SYSTEM  BUS  ENABLE 


^-f, 


SYSTEM  BUS  OUTPUTS  - 


VOLTAGE  MEASUREMENT  POINTS:  Do-D7  (when  outputs)  Logic  "0"  -  08V,  Logic  "1"  =  3„0V„  All  other  signals  measured 
at  15V. 

A.C.  Characteristics  TA  =  0°C  to  7(f  C;  vcc  =  5V  ±5%. 


Parameter 

Limits 

Units 

Symbol 

Min. 

Max. 

Condition 

tpw 

Width  of  Status  Strobe 

22 

ns 

tss 

Setup  Time,  Status  Inputs  D0-D7 

8 

ns 

tSH 

Hold  Time,  Status  Inputs  D0-D7 

5 

ns 

tDC 

Delay  from  STST8  to  any  Control  Signal 

20 

60 

ns 

CL  =  100pF 

*RR 

Delay  from  DBIN  to  Control  Outputs 

30 

ns 

CL  =  100pF 

tRE 

Delay  from  DBIN  to  Enable/Disable  8080  Bus 

45 

ns 

CL  «■  25pF 

tRD 

Delay  from  System  Bus  to  8080  Bus  during  Read 

30 

ns 

CL  =  25pF 

%R 

Delay  from  WR  to  Control  Outputs 

5 

45 

ns 

CL  =  100pF 

*WE 

Delay  to  Enable  System  Bus  DB0-DB7  after  STSTB 

30 

ns 

CL  =  lOOpF 

%D 

Delay  from  8080  Bus  D0-D7  to  System  Bus 
DB0-DB7  during  Write 

5 

40 

ns 

CL  =  100pF 

tE 

Delay  from  System  Bus  Enable  to  System  Bus  DB0-DB7 

30 

ns 

CL  =  100pF 

tHD 

HLDA  to  Read  Status  Outputs 

25 

ns 

*DS 

Setup  Time,  System  Bus  Inputs  to  HLDA 

10 

ns 

tQH 

Hold  Time,  System  Bus  Inputs  to  HLDA 

20 

ns 

CL  =  100pF 
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SCHOTTKY  BIPOLAR  8228 


D.C.  Characteristics  TA  =  0°C  to  70°C;  vcc  =  5V  ±5%. 


Parameter 

Limits 

Unit 

Symbol 

Min. 

TypJH 

Max. 

Test  Conditions 

vc 

Input  Clamp  Voltage,  All  Inputs 

.75 

-1.0 

V 

VCC=475V;  !c=-5mA 

If 

input  Load  Current, 
__ 

500 

MA 

Vcc=  5.25  V 

D2&  D6 

750 

pA 

VF=0.45V 

D0,  D^O^Ds, 
&D7 

250 

ma 

All  Other  Inputs 

250 

UA 

Ir 

Input  Leakage  Current 

STSTB 

100 

uA 

Vcc  =  5.25  V 

D80-DB7 

20 

/*A 

VR=  5.25V 

All  Other  Inputs 

100 

uA 

VTH 

Input  Threshold  Voltage,  All  Inputs 

0.8 

2.0 

V 

VCC  =  5V 

'cc 

Power  Supply  Current 

140 

190 

mA 

VCC=5.25V 

Vol 

Output  Low  Voltage, 
D0-D7 

.45 

V 

VCC=4.75V;  l0L=2mA 

All  Other  Outputs 

.45 

V 

lOL  =  10mA 

V0H 

Output  High  Voltage, 
O0-D7 

3.6 

3.8 

V 

Vcc=4.75V;Ioh=-10mA 

All  Other  Outputs 

2.4 

V 

l0H  =-1mA 

bs 

Short  Circuit  Current,  All  Outputs 

15 

90 

mA 

VCC=5V 

'Oteff) 

Off  State  Output  Current, 
All  Control  Outputs 

too 

MA 

VCC-5.25V;V0=5.25 

-100 

MA 

V0=„45V 

l|NT 

INT  A  Current 

5 

mA 

(See  Figure  below) 

Note  1 :      Typical  values  are  for  TA  =  25°C  and  nominal  supply  voltages. 


Capacitance  This  parameter  is  periodically  sampled  and  not  100%  tested 


Symbol              Parameter 

Limits 

Unit 

Min. 

TypJi] 

Max. 

Cin             Input  Capacitance 

8 

12 

pF 

Output  Capacitance 
^UT          Control  Signals 

7 

15 

pF 

/n              I/O  Capacitance 
l/U              (D  or  DB) 

8 

15 

pF 

TEST  CONDITIONS:   VBrAS  =  Z5V,  Vcc  =  5.0V,  TA  =  25°C,  f  =  1  MHz. 


Note  2:  For  Dq-D?:  Rt  =  4Ktt,  R2  =  »il, 
Ci_=25pF.  For  all  other  outputs: 
R-i  =500a,R2=  1Kfl,CL=  100pF 


¥ 


INTA  Test  Circuit  {for  RST  7) 
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Absolute  Maximum  Ratings* 

Ambient  Temperature  Under  Bias 0°C  to  70°C 

Storage  Temperature  , -65°  C  to  +150°C 

Voltage  On  Any  Pin 

With  Respect  to  Ground  , -0.5V  to  +7V 

Power  Dissipation 1  Watt 


'COMMENT:  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the 
device.  This  is  a  stress  rating  oniy  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability. 


D.C.  Characteristics: 


TA  =  0°C  to  70°C;  Vcc  *  5.0V  ±5%;  GND  »  0V 

Symbol 

Parameter 

Min. 

Typ. 

Max, 

Unit 

Test  Conditions 

V,L 

Input  Low  Voltage 

-.5 

0,8 

V 

V|H 

Input  High  Voltage 

2.0 

Vcc 

V 

Vol 

Output  Low  Voltage 

0.45 

V 

!0|_  =  1.6mA 

VrjH 

Output  High  Voltage 

2,4 

V 

Ioh  =-100uA 

"dl 

Data  Bus  Leakage 

-50 
10 

uA 

VQUT  -  ,45V 
VOUT  =  VCC 

l(L 

Input  Leakage 

10 

PA 

Vin  =  VCC 

'cc 

Power  Supply  Current 

45 

80 

mA 

u1 

M 
E 


Capacitance: 


TA  =  25°C; 

•cc  =  GND  =  0V 

Symbol 

Parameter 

Min. 

Typ. 

Max, 

Unit 

Test  Conditions 

Qn 

Input  Capacitance 

10 

pF 

fc=  1MHz 

Ci/o 

I/O  Capacitance 

20 

pF 

Unmeasured  pins  returned  to  GND. 

TEST  LOAD  CIRCUIT: 


TYPICAL  A  OUTPUT  DELAY  VS.  A  CAPACITANCE  (dBI 


^SPEC 

Figure  1. 


-100  -50  0  +60  +100 

A  CAPACITANCE  (pFJ 
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A.C.  Characteristics: 

TA  =  0°C  to  70° C;  Vcc  -  5.0V  ±5%;  GND  =  0V 
BUS  PARAMETERS:  {Note  1) 
READ  CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

*AR 

Address  Stable  Before  READ  (CS,  C/D> 

50 

ns 

tRA 

Address  Hold  Time  for  READ  {CS.  C/D) 

5 

ns 

*RR 

READ  Pulse  Width 

430 

(IS 

*RD 

Data  De&y  from  READ 

350 

ns 

CL  =  100  pF 

tQF 

READ  to  Data  Floating 

25 

200 

ns 
ns 

CL  =  100pF 
CL  =  15pF 

tRV 

Recovery  Time  Between  WRITES  {Note  2) 

6 

tcY 

WRITE  CYCLE 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

*AW 

Address  Stable  Before  WRITE 

20 

ns 

tWA 

Address  Hold  Time  for  WRITE 

20 

ns 

tWw 

WRITE  Pulse  Width 

400 

ns 

lDW 

Data  Set  Up  Time  for  WRITE 

200    ' 

ns 

two 

Data  Hold  Time  for  WRITE 

40 

ns 

NOTES:    1„   AC  timings  measured  at  Vqh  =  2,0,  VOL  =  ,8,  and  with  load  circuit  of  Figure  1. 

2.   This  recovery  time  Is  for  initialization  only,  when  MODE,  SYNC1,  SYNC2,  COMMAND 
and  first  DATA  BYTES  are  written  into  the  USART.  Subsequent  writing  of  both 
COMMAND  and  DATA  are  only  allowed  when  TxRDY  -  1. 
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OTHER  TIMINGS: 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

tcY 

Clock  Period  (Note  3) 

,420 

1.35 

fis 

t^vv 

Clock  Pulse  Width 

220 

.7tCY 

ns 

tR.tF 

Clock  Rise  and  Fall  Time 

0 

50 

ns 

*DTx 

TxD  Delay  from  Falling  Edge  of  TxC 

1 

(is 

Cu  =  100  pF 

tSRx 

Rx  Data  Set-Up  Time  to  Sampling  Pulse 

2 

MS 

CL  =  100  pF 

*HRx 

Rx  Data  Hold  Time  to  Sampling  Pulse 

2 

MS 

CL  =  100pF 

*Tx 

Transmitter  Input  Clock  Frequency 

1 x  Baud  Rate 

DC 

56 

KHz 

16xand  64x  Baud  Rate 

DC 

520 

KHz 

*TPW 

Transmitter  Input  Clock  Pulse  Width 

tx  Baud  Rate 

12 

*CY 

16xand  64x»Baud  Rate 

1 

'CY 

*TPD 

Transmitter  Input  Clock  Putse  Delay 

1x  Baud  Rate 

15 

*CY 

16xand64x  Baud  Rate 

3 

*CY 

fRx 

Receiver  Input  Clock  Frequency 

1x  Baud  Rate 

DC 

56 

KHz 

16x  and  64x  Baud  Rate 

DC 

520 

KHz 

tRPW 

Receiver  Input  Clock  Pulse  Width 

1x  Baud  Rate 

12 

*CY 

16xand64x  Baud  Rate 

1 

*CY 

*RPD 

Receiver  Input  Clock  Pulse  Delay 

1x  Baud  Rate 

16x  and  64x  Baud  Rate 

15 
3 

tCY 
*CY 

tTx 

TxRDY  Delay  from  Center  of  Data  Bit 

16 

tCY 

CL  =  50  pF 

tRx 

RxRDY  Delay  from  Center  of  Data  Bit 

20 

tCY 

t)S 

Internal  SYNDET  Delay  from  Center 
of  Data  Bit 

25 

tcY 

tES 

Internal  SYNDET  Set-Up  Time  Before 
Falling  Edge  of  RxC 

16 

tCY 

tTxE 

Tx EMPTY  Delay  from  Center  of  Data  Bit 

16 

tCY 

CL  =  50pF 

twc 

Control  Delay  from  Rising  Edge  of 
WRITE  (TxE,DTR,RTS) 

16 

tcY 

tCR 

Control  to  READ  Set-Up  Time  (DSR.CTS) 

16 

*CY 

3.  The  TxC  and  RxC  frequencies  have  the  following  limitations  with  respect  to  CLK. 

For  1x  Baud  Rate  ,  fjx  or  fRx  <  1/.{30  tcy) 

For  16x  and  64x  Baud  Rate,  f  jx  or  fRx  <  1/(4.5  tQy) 

4.  Reset  Pulse  Width  =  6  tQy  minimum. 
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READ  AND  WRITE  TIMING 


CLK  _ 
C/D.CS  " 

DrDo . 


•WRITE 


mjF 


.    I* — ; — 'ow »•- *WD A      f 

t-J^ — ^ . .- 


—  lRD  'OF  -*• 


WRITE  " 
T»E„DTR,RTS  " 


-c: 


3fc 


•WHITE  AMD  «KAD  PULSES  05fi.CTS 

HAVE  NO  TIMING  LIMITATION 
WITH  RESPECT  TO  CLK 


r *c 


TRANSMITTER  CLOCK 
AND  DATA  

TxC  (1x  BAUD) 


RECEIVER  CLOCK 
AND  DATA 


-16  TxC  PERIODS- 


r^p — 


RkC  |1x  BAUD) 

INTERNAL 
SAMPLING 
PULSE 


— ¥ 

""       '   ~  ' 

" 

- 

L                                                                     A 

<^ 


-  1«  DATA  BIT  - 


«* «'6'  8aud>  -JiiirinjifiiirijmrinjLnjuiru^ 

INTERNAL  f*"8  R"C  PERI0DS_*+" 1e  **c  PERIODS -j 

SAMPLING  Fl  n 


Tx  RDY  AND  Rx  RDY 
TIMING  (ASYNC  MODE) 


INTERNAL  SYNC  DETECT 


EXTERNAL  SYNC  DETECT 


-  lit  DATA  BVTE  - 
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PARAMETER 



SYMBOL 

MIN. 

MAX. 

UNIT 

TEST 
CONDITIONS 

Vdd  Supply 
Voltage  (Pin  22) 

vdd 

0 

+  16 

V 

(1X2) 

Vcc  Supply 
Voltage  (Pin  1) 

vcc 

0 

+8 

V 

(1X2) 

Vbb  Supply 
Voltage  (Pin  21) 

vbb 

0 

-10 

V 

(1) 

Input  Voltage 

V| 

0 

+8 

V 

(1M2) 

Output  Voltage 

vo 

0 

+8 

V 

(1X2) 

Operating  Temp. 

Topt 

0 

+70 

°C 

Storage  Temp. 

Tstg 

-40 

+  125 

°c 

ABSOLUTE  MAXIMUM 
RATINGS 


Notice:  Stress  beyond  levels  listed  under  "Absolute  Maximum  Ratings" 
may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only 
and  functional  operation  of  the  device  at  these  or  any  other  conditions 
beyond  those  indicated  in  the  "Operating  Conditions"  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum  rating  conditions 
for  extended  periods  may  affect  device  reliability. 

Notes: 

(1)  All  voltages  measured  with  respect  to  GND  (Pin  3). 


(2)  V, 


BB" 


-5V  ±  5%. 


Ta  »  0°  to  70°  C,  VDD  =  +1 2V  +5%,  VCc  -  +5V  ±  5%,  VfiB  =  -5V  ±  5% 

CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

TEST 
CONDITIONS 

Output  High  Level 

VOH 

3.5 

V 

IOH  =  ~100AiA 

Output  Low  Level 

vol 

0.4 

V 

'OL  =  1-6  mA 

Input  Low  Current 

'il 

-0.28 

-1.4 

mA 

V)L  =  0.4V 

Output  Leakage 
Current 

•olk 

-20 

20 

M 

V0UT=O-4V  to 

3.5V 

SFO  =  RRD  =  3V 

V*DD  Supply  Current 

•dd 

15 

20 

mA 

V,L  =  0.4V 

Vqc  Supply  Current 

*cc 

35 

50 

mA 

V,L  =  0.4V 

Vbb  Supply  Current 

Ibb 

-0,2 

-1„0 

mA 

DC  CHARACTERISTICS 


Note: 

Minus  (— )  designates  current  flow  out  of  the  device. 
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OPERATING  CONDITIONS 


Ta  =  0°  to  70° C,  VQD  =  +12V  ±  5%,  Vcc  =  +5V  ±  5%,  VBB  =  -5V  ±  5% 

CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

TEST 
CONDITIONS 

VDD  Supply  Voltage 
(Pin  22} 

vDD 

11.4 

12.0 

12.6 

V 

(1) 

Vcc  Supply  Voltage 
(PinD 

vCc 

4.75 

5.0 

5.25 

V 

(1) 

Vbb  Supply  Voltage 
(Pin  21) 

vbb 

-4.75 

-5.0 

-5.25 

V 

(1) 

Input  High  Level 
Voltage 

V|H 

3.0 

V 

(1)  (3) 

Input  Low  Level 
Voltage 

VlL 

0.8 

V 

(1)  (3) 

Clock  Frequency 

fclk 

DC 

800 

KHz 

(2) 

<RRC,  TRC) 

JZ 

I 

3 

JX 

Control 
Register  Load 

CRL-pw 

500 

ns 

(CRD 

Transmitter 
Holding 
Register  Load 

THRLpw 

200 

ns 

(THRU 

Master  Reset 

MRpw 

500 

ns 

(MR) 

Data  Receiver 
Reset 

DRRPW 

200 

ns 

<DRR> 

Setup  Time 

lsetup 

0 

ns 

Refer  Timing 
Chart  (pg  12} 

Hold  Time 

thold 

20 

ns 

Refer  Timing 
Chart  (pg12) 

(1 )  All  voltages  measured  with  respect  to  GND  (Pin  3). 

{2}  Clock  Duty  Cycle  is  50%. 

(3)  Internal  18K  Pull-Up  Resistor. 


AC  CHARACTERISTICS 


Ta  =  0°  to  70°C,  Vqd  =  +12V  ±  5%,  VQC  =  +5V  ±  5%,  VBB  =  -5V  ±  5% 

PARAMETER 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

TEST 
CONDITIONS 

Input  Capacitance 

C|N 

20 

PF 

V|N  =  VCc 
f  =  1  MHz 

Output  Capacitance 

COUT 

20 

pF 

V)N  =  Vcc 
f  =  1  MHz 

Output  Delay 
(Low  to  High) 

*pd1 

500 

ns 

CL  =  20pF 
1TTL  Load 

Output  Delay 
(High  to  Low) 

*pd0 

500 

ns 

CL  =  20pF 
1TTL  Load 
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RECEIVER 
TIMING  SEQUENCE 


START  STOPjiTART  STOP 

1     DATA     J   |   |     DATA     | 

RRi-8,PE,OE.FE  J  V 


I 


i_r 


TJ~ 


DETAILED  TIMING  OF 
RECEIVER  STATUS 
INFORMATION 


0  12         3         4         5         6         7 


JAfB|STOP  STOP   BIT 

TRANSITION 


9         10        11        12 

n-TLTLTL 


RRi-„  OE 


f     DR,  PET  FE 

!  \ 

1                                                !  ' 

I    RRi-g 

OE 

X   i 

f 

fCLOCK+ 500ns  |     j 

J      DRR 

TYP.  500na_ 

H,     !! 

[    DR 

\        f : 

■4-  CLOCK  +  500ns  J 

(     

I                          '■ 

J      DRR 

TYP.  500ns 

J                           i 

" - J-                  i 

[    DR 

r    / 

STATUS  FLAG  OUTPUT  DELAYS 


SFD           \ 

0.8V-1 

tpdi 

DR,  PE,  OE 
FE,  THRE 

*\ 

-J 

.c 0.4V 

„ 

tp*> 
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DATA  OUTPUT  DELAYS 


RRD    0.8V 


3 


£= 


-3.5V 
-0.4V 


u 


TRANSMITTER  TIMING  SEQUENCE 


TRt-a 

X 

DATA 

X 

DATA 

THRL 

u 

U 

THRE 

u 

I         i 

TRE 

1 

II                      1 

START 


-4JJ       DATA       L 

STOpliTART  STOP 


DETAILED  TIMING  OF 
TRANSMITTER  BUFFER  CONTROL 
WHEN  TRE  IS  LOW 


CRjCF,        CRjCF*       CR3CF3        CR4  CF<        CR5  CF5 


\_J 


(TYP  .  500ns) 


\o.4V 
Ons)      1 


(TYP  .  500  ns) 


^ 


.{TYP  .  500ns) 


DETAILED  TIMING  OF 
TRANSMITTER  BUFFER  CONTROL 
WHEN  TRE  IS  HIGH 


CR.CF,  C^CF,    CHlsCFfS CRi CF.  CRjCF, 

—      —      —      —       ——      fn      — 


THRL V    3-0Vr=-* 


-~Xl 


THRE 

{TYP  .  500ns) 


Vmv 


-ih 


-15  CLOCKS— 

{TYP  .  500ns) 


TRE  . 
TRO  ' 


"  (TYP  .  500ns)s^ 

STOP  BIT 

(TYP  .  500ns) 


v\r 


/TYP  A 
\500ns/ 


%■ 
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CONTROL  REGISTER  LOAD  CYCLE 


PI,  SBS  .  . 

EM,WLS1         T 
WLS2  ~ZZr& 


CRL 


f 3.0V 

'hold 

3.0V 

0.8V 


1—    CRLn, 


Lset  up 


DATA  INPUT  LOAD  CYCLE 


TR 


X 


F 


-3.0  V 

-0.8V 


THRL- 


-3.0  V 
-0.8V 


-THRL,, 
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ABSOLUTE  MAXIMUM  RATINGS* 

Temperature  Under  Bias Q°Cto  +70°C 

Storage  Temperature -40°Cto  +125°C 

All  Output  Voltages OV  to  +8.0V 

All  Input  Voltages OV  to  +8.0V 

Supply  Voltage  Vcc OV  to +8.0V 

Supply  Voltage  VDD OV  to  -M6.0V 

Supply  Voltage  VBB -10.0V  to  OV 

COMMENT:  Stress  above  those  listed  under  "Absolute  Maximum  Ratings"  may 
cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and  functional 
operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in 
the  operational  sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

*Ta  =  25°C 

AC  CHARACTERISTICS 

Ta=  C°C  to +70°C,  VDD=  12V  ±  5%,  Vcc=  5V  +  5%  V8B=  ~5V±  5% 


Parameter 

Symbol 

Limits 

Unit 

Test  Conditions 

Min 

Typ 

Max 

Clock  Frequency 

'c 

DC 

800 

KHz 

TC,  RC 

Pulse  Width 

tPW 

« 

TC,  RC 

250 

ns 

MRL 

250 

ns 

TCBL 

250 

ns 

SNTR/CFT 

250 

ns 

ZIF 

400 

ns 

RTT 

250 

ns 

DRR 

Setup  Time 

t  SETUP 

250 

ns 

Hold  Time 

^MOLD 

150 

ns 

Rise  Time 

*r 

150 

ns 

Fall  Time 

tf 

150 

ns 

Pulse  Interval 

*cc 

100 

ns 

Output  Delay 
Time 

*pd1 

180 

270 

ns 

CL=20pf 
1  TTL  Load 

*pd2 

416 

600 

ns 

*50%  Duty  Cycle 
TIMING  WAVEFORMS 

MODE  SELECT 


3: 


*4£  \4Jr 


CHIP  SELECT 

cs 


\ 


-  Wm 


XIX 


x: 


Should  be  itabla 
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DC  CHARACTERISTICS 


T8»  0°C  to  +70°C,  VDD=  12V  +  5\V 

:c«5V±S%vVBB=-5V±5% 

Parameter 

Symbol 

Limits 

Unit 

Test  Conditions 

Min 

Typ 

Max 

Input  High  Voltage 

V|H 

3.0 

vDD 

V 

With  Built-in 
pull-up  resistors 

Input  Low  Voltage 

VjL 

0.8 

V 

Output  Leakage  Current 

'OLK 

-20 

36 

J"A 

Vo  =  6.4tolSV 
(CS)=  3.5V 

Output  High  Voltage 

V0H 

3.5 

V 

Ioh  =  ~100juA 

Output  Low  Voltage 

Vol 

0.4 

V 

Iol  =  "1.6mA 

Input  Low  Current 

"IL 

-1.4 

mA 

V,L«fl.4V 

Vod  Supply  Current 

•dd 

15 

20 

mA 

Vcc  Supply  Current 

Ice 

40 

65 

mA 

Vbb  Supply  Current 

(BB 

-0.2 

-2.0 

mA 

Fan-out 

N 

1 

Standard  TTL  Load 

CAPACITANCE 


Parameter 

Symbol 

Limits 

Unit 

Test  Conditions 

Min 

Typ 

Max 

Input  Capacitance 

CIN 

20 

pf 

f=1  MHz 

Output  Capacitance 

Coin- 

26 

Pf 

:f«lMHl 
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TIMING  WAVEFORMS  (CONT.) 

TRANSMITTER  SECTION 


fcBU 


v. 


"U 


-  -»-S30  SNTR 


Ik- 


TCBL 


TD1 
TD8 


tpw_*.  U        ■  tcc 


-J  7-|mii  .  ^Lq.sv 

^  /"3'5'v"' 


X 


3.0V 
08V 


cJ 


— V 

ft 


44*~ — ts£  t  up  — ■ — — "+*~ *^  'hc 
.    ov  j. 

tf  *|j* tpw 4|*.  tr 
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RECEIVER  SECTION 


1  m  \ /  '2>  \ I       -LU  w\S  ti)  \ 


=3 


ABTR   ' 
IOLR 
CfR 


1.5V 
470 


PRB" 


v, 


3E 


5V 
•450 


V 


I- 


3  0V 
0,8  V 


■*  '"^pwH  r*  *cc**" 


I 


\_ 


RR 

\ 

-0.8V 

/ 

pw 

RD1 
I 

J 

i  1  SV 
-15V 

*330-» 

ABTR,  CFR 
SVNR/IDLR 

<*-330-*- 

Unit   mac 
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Absolute  Maximum  Ratings* 


Ambient  Temperature  Under  Bias   .,,...  0  C  to  70  C 

Storage  Temperature -65°  C  to  +150°C 

Voltage  on  Any  Pin 

With  Respect  to  Ground    ,. -0,5V  to  +7V 

Power  Dissipation 1  Watt 


"COMMENT:  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied,  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability. 


D.C.  Characteristics: 


TA  =  0  C  to  70  C;  Vcc  =  +5V  ±5%;  GND  =  0V 


Symbol 

Parameter 

Mm 

Typ. 

Max. 

Unit 

Test  Conditions 

VlL 

Input  Low  Voltage 

Vss-.5 

.8 

V 

V|H 

Input  High  Voltage 

2,0 

Vcc 

V 

Vol 

Output  Low  Voltage 

.45 

V 

Iol  =  1-7  mA 

Voh 

Output  High  Voltage 

2.4 

V 

!0h  =  -50mA  (~100/iA  for  D„B.  Port) 

W11 

Darlington  Drive  Current 

1 

2.0 

4 

mA 

Voh  =  1.5V,  Rext  =  750ft 

!CC 

Power  Supply  Current 

40 

120 

mA 

IlL 

input  Leakage 

10 

MA 

viN  =  Vcc 

!OFL 

Output  Float  Leakage 

10 

ma 

VoUT  =  Vss  +  0.45,  VCC 

NOTE: 

1     Available  on  8  pins  only 


Capacitance: 

TA    =  25°C;  Vcc  =  GND  =  0V 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Unit 

Test  Conditions 

CIN 

Input  Capacitance 

10 

pF 

fc  =  1MHz 

Cl/0 

I/O  Capacitance 

20 

pF 

Unmeasured  pins  returned  to  VsS' 
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A.C.  Characteristics: 

8080  BUS  PARAMETERS: 
READ: 


8255 


TA  =  0°C  to  70° C;  Vcc  =  +5V  ±5%;  GND  =  0V 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

tAR 

Address  Stable  Before  READ 

50 

ns 

tRA 

Address  Stable  After  READ 

0 

ns 

*RR 

READ  Pulse  Width 

405 

ns 

tRD 

Data  Valid  From  READ 

295 

ns 

CL  =  100pF 

tDF 

Data  Float  After  READ 

10 

150 

ns 
ns 

CL=  100  pF 
CL=15pF 

*RV 

Time  Between  READS  and/or  WRITES 

850 

ns 

WRITE: 

*AW 

Address  Stable  Before  WRITE 

20 

ns 

*WA 

Address  Stable  After  WR ITE 

20 

ns 

*WW 

WRITE  Pulse  Width 

400 

ns 

tow 

Data  Valid  To  WRITE  (L.E.) 

50 

ns 

two 

Data  Valid  After  WRITE 

35 

ns 

OTHER  TIMINGS 

t\ft/B 

WR=0  To  Output 

500 

ns 

CL  =  50  pF 

t|R 

Peripheral  Data  Before  RD 

0 

ns 

*HR 

Peripheral  Data  After  RD 

100 

ns 

tAK 

ACK  Pulse  Width 

500 

ns 

tST 

STB  Pulse  Width 

500 

ns 

tpS 

Per.  Data  Before  T„E.  Of  STB 

60 

ns 

tpH 

Per.  Data  After  T.E.  Of  STB 

180 

ns 

lAD 

ACK=0  To  Output 

400 

ns 

CL  =  50  pF 

*KD 

ACK=0To  Output  Float 

20 

480 

ns 

CL  =  50  pF 
CL=*15pF 

tWOB 

WR=1ToOBF=0 

650 

ns 

CL  =  50  pF 

*AOB 

ACK=0ToOBF=1 

450 

ns 

CL  =  50  pF 

tSIB 

STB=0To  IBF=1 

450 

ns 

CL  =  50  pF 

tRIB 

RD=1  To  IBF=0 

360 

ns 

CL  =  50  pF 

tRIT 

RD=0To  INTR=0 

450 

ns 

CL  =  50  pF 

tsiT 

STB=1  To  INTR=1 

400 

ns 

CL  =  50  pF 

*AIT 

ACK=1  To  INTR=1 

400 

ns 

CL  =  50  pF 

%IT 

WR=0  To  INTR=0 

850 

ns 

CL=50pF 

Note:  Period  of  Reset  pulse  must  be  at  least  50jis  during  or  after  power  o 
Subsequent  Reset  pulse  can  be  500  ns  min 
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"Y 


X 


X 


jr 


-<  )C 


X 
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Mode  0  (Basic  Input) 


WR 

X 
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*w                                              ► 
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X 

OUTPUT 

X 

- *WB * 

Mods  0  (Batic  Output) 
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I 


5- 


\ 
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Mods  1  ^Strobed  Input) 
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Mode  1  (Strobed  Output) 


8255 


Mode  2  (Bidirectional) 


NOTE:      Any  sequence  where  WR  occurs  before  ACK  and  STB  occurs  before  RDis  permissible. 
(INTR  =  1BF  •  MASK  •  STB  •  RD  +  OBF  •  MASK  •  ACK  •  WR  ) 
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ABSOLUTE  MAXIMUM  RATINGS* 


Ambient  Temperature  Under  Bias      0  C  to  70  C 

Storage  Temperature —65  C  to +150  C 

Voltage  on  Any  Pin 

With  Respect  to  Ground    -0  5V  to  +7V 

Power  Dissipation 1  Watt 


'COMMENT:  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specif i-  - 
cation  is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability 


D.C.  CHARACTERISTICS  ta  =  o°c  to  70°c,  vcc  -  +5V  ± 

5%;  GND 

=  0V 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

V.l 

Input  Low  Voltage 

-0.5 

0.8 

V 

V|H 

Input  High  Voltage 

2.0 

Vcc 

V 

IolIDB) 

Output  Low  Current  (Data  Bus) 

2.5 

mA 

Vol  =  0.45V 

Iol(peb) 

Output  Low  Current  (Peripheral  Port) 

1,7 

mA 

Vol  =  0.45  V 

Ioh(DB) 

Output  High  Current  (Data  Bus) 

-400 

juA 

V0H  =  2.4V 

Iqh(PER) 

Output  High  Current  (Peripheral  Port) 

-200 

^A 

V0h  =  2.4V 

Idar'11 

Darlington  Drive  Current 

-1.0 

-4.0 

mA 

Rext  =  ?50fi;  vb<t  "  1-5V 

ice 

Power  Supply  Current 

120 

mA 

IlL 

Input  Leakage 

10 

fxA 

V|N  =  VCC 

>OFL 

Output  Float  Leakage 

10 

MA 

V0ut  =  GND  +  0.45.  Vcc 

Note:    1,  Adaptable  on  any  8  pins  from  Ports  Band  C. 


CAPACITANCE   ta  =  25°c;  vcc  =  gnd  =  ov 


SYMBOL 

PARAMETER 

MIN. 

TYP„ 

MAX. 

UNIT 

TEST  CONDITIONS 

CIN 

Input  Capacitance 

10 

pF 

fc=1MHz 

C|/0 

I/O  Capacitance 

20 

pF 

Unmeasured  pins  returned  to  GND 

TEST  LOAD  CIRCUIT  (FOR  DB) 


"J- 


iRIOUS  VOLTAGES 


G  TO  GUARANTEE  THE  SPECIFICATION 
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A.C.  CHARACTERISTICS 

BUS  PARAMETERS: 
READ> 


TA  -  0°C  to  70° C;  Vcc  =  +5V  ±5%;  GND  =  0V 


SYMBOL 

PARAMETER 

MIN. 

MAX- 

UNIT 

TEST  CONDITIONS 

*AR 

Address  Stable  Before  R  EAD 

0 

ns 

tRA 

Address  Stable  After  READ 

0 

ns 

*RR 

READ  Pulse  Width 

300 

ns 

*RD 

Data  Valid  From  READ 

250 

ns 

CL=100pF 

tDF 

Data  Float  After  READ 

10 

150 

ns 
ns 

CL=100pF 
CL=15pF 

*RV 

Time  Between  READS  and/or  WR ITES 

850 

ns 

WRITE: 

*AW 

Address  Stable  Before  WRITE 

0 

ns 

*WA 

Address  Stable  After  WR  ITE 

20 

ns 

tyvw 

WRITE  Pulse  Width 

400 

ns 

tow 

Data  Valid  To  WRITE  (T.E.) 

too 

ns 

*WD 

Data  Valid  After  WRITE 

30 

ns 

OTHER  TIMINGS 



tWB 

WR  =  1  To  Output 

350 

ns 

CL=  100  pF 

t|R 

Peripheral  Data  Before  RD 

0 

ns 

*HR 

Peripheral  Data  After  RD 

0 

ns 

tAK 

ACK  Pulse  Width 

300 

ns 

tST 

STB  Pulse  Width 

500 

ns 

tps 

Per.  Data  Before  T.E.  Of  STB 

0 

ns 

*PH 

Per.  Data  After  T.E.  Of  STB 

180 

ns 

*AD 

ACK=0  To  Output 

400 

ns 

CL=100pF 

*KD 

ACK=1  To  Output  Float 

20 

250 

ns 

CL=100pF 
CL=  15pF 

tWOB 

WR=1ToOBF=0 

650 

ns 

CL  =  100  pF 

tAOB 

ACK=OToOBF=1 

350 

ns 

CL=100pF 

tSIB 

STB=0To  IBF=1 

300 

ns 

CL=100pF 

lRIB 

RD=1  To  IBF=0 

300 

ns 

CL=100pF 

tRIT 

RD=0To  INTR=0 

400 

ns 

CL=100pF 

tSIT 

STB=i  To  INTR=1 

300 

ns 

CL=  100  pF 

*AIT 

ACK=1  To  INTR=1 

350 

ns 

CL=100pF 

twiT 

WR=0To  INTR=0 

_ » 

850 

ns 

CL.  =  100pF 

Note:  Period  of  Reset  pulse  it 
Subsequent  Reset  pulse 


it  be  at  least  50>s  during  o 
m  be  500  nsmin 
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Absolute  Maximum  Ratings* 

Temperature  Under  Bias  Plastic  ,  .  -65°C  to  +75°C 

Storage  Temperature -65°C  to  4-160°C 

All  Output  or  Supply  Voltages  -0.5  to  +7  Volts 

Ail  Input  Voltages  - 1.0  to  5.5  Volts 

Output  Currents 125  mA 


•COMMENT:  Striates  above  those  listed  under  Absolute  Maximum  Ratings" 
may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only  and 
functional  operation  ol  the  device  at  these  or  at  any  other  condition  above 
»  operational  sections  ol  this  specihcatlon  is  not  implied. 


D.C.  Characteristics 

TA  -  0°C  to  4  75°C     Vcc  -  +5V  ±5% 


Symbol 

Parameter 

Limits 

Unit 

Min. 

Typ. 

Max. 

If               Input  Load  Current 

ACK,  DS2,  CR,  DI.-DI,  Inputs 

-.25 

mA 

VF  =  .45V 

lF               Input  Load  Current 
MD  Input 

-75 

mA 

VF  -  .45V 

lF               Input  Load  Current 
DS,  input 

-1.0 

mA 

VF  =  .45V 

lR               input  Leakage  Current 

ACK,  DS,CR,DI,-DI,  Inputs 

10 

lik 

VR  =  5.25V 

lR               input  Leakage  Current 
MO  input 

30 

/xA 

VH  =  5.25V 

U               Input  Leakage  Current 
DS,  Input 

40 

/xA 

VR  »  5.25V 

Vc 

Input  Forward  Voltage  Clamp 

-1 

V 

lc  =  -5  mA 

VlL 

Input  "Low"  Voltage 

.85 

V 

V,h 

input  "High"  Voltage 

2.0 

V 

Vol 

Output  "Low"  Voltage 

.45 

V 

lot  -  15  mA 

Voh 

Output  "High"  Voltage 

3.65 

4.0 

V 

Ioh  =  —1  mA 

Uc 

Short  Circuit  Output  Current 

-15 

_75 

mA 

Vo  =  0V 

llol 

Output  Leakage  Current 
High  Impedance  State 

20 

fik 

Vo  -  .45V/5.25V 

Ice 

Power  Supply  Current 

90 

130 

mA 
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A.C.  Characteristics 

J*  =  0°C  to  +75°C      Vcc  =  +5V  ±  5% 

Symbol 

Parameter 

Limits 

Unit 

Test  Conditions 

Min.          Typ.          Max. 

tpw 

Pulse  Width 

30 

ns 

V 

Data  To  Output  Delay 

30 

ns 

U 

Write  Enable  To  Output  Delay 

40 

ns 

tle. 

Data  Setup  Time 

15 

ns 

th 

Data  Hold  Time 

20 

ns 

tr 

Reset  To  Output  Defay 

40 

ns 

t, 

Set  To  Output  Delay 

30 

ns 

tfl 

Output  Enable/Disable  Time 

45 

ns 

tc 

Clear  To  Output  Delay 

55 

ns 

CAPACITANCE* 


-  2.5V      Vcc  =  +5V      T.  -  25°C 


Symbol 

Test 

LIMITS 

Typ.          Max. 

CJN 

DS,  MD  Input  Capacitance 

9pF          12  pF 

C,N 

DSj,  CK.ACK,  DI.-DI, 
Input  Capacitance 

5  pF            9  pF 

CoUT 

DO.-DOa  Output  Capacitance 

8pF          12  pF 

•This  parameter  is  sampfed  and  not  100%  tested, 


Switching  Characteristics 

CONDITIONS  OF  TEST 

Input  Pulse  Amplitude  =  2.5  V 

Input  Rise  and  Fall  Times  5  ns 

Between  1V  and  2V  Measurements  made  at  1.5V 

with  15  mA  &  30  pF  Test  Load 


TEST  LOAD 
15mA&30pF 


Srr-p 

•30pF~T 


*  INCLUDING  JIG  &  PROBE  CAPACITANCE 
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Typical  Characteristics 


INPUT  CURRENT   VS.  INPUT  VOLTAGE 


-BO 
tt   -ISO 

1 

5    -200 
-250 

vcc" 



t5.0V 

T 

j-irc 

^TA-25'C 
^TA-7S-C 

OUTPUT  CURRENT  VS.  OUTPUT  "LOW"  VOLTAGE 


Vcc  -  +5  0\ 

yt 

TA  -  75-C                  A 
TA  'TSZ^y&y 

yr^i. 

-0*C 

OUTPUT  'LOW"  VOLTAGE  (VI 


VCC-+S 

ov 



TA-7 

~C 

Y        I 

^     ta'^c 

i 

1 

VCC^5.0V 
TA  "  2S-C 

:~'" 

^"\""" 

^ 

■"\r^. 

*'" 

OUTPUT    HIGH'  VOLTAGE  |V| 


"0  SO  100  150  200  aso 

LOAD  C 


vtX  "  ♦WW 

/ 


2S  80  75  100 

TEMPEP.ATUHE  fC) 


i 

1 

1 

STB   ^ 

r^ 

^— ■ 

■     v;^ 

--**■    i 

DS,  <^ 



-25  0  25  50  75  100 

TEMPERATURE  I  C| 
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Timing  Diagram 

DATA 

,s3C 

h —         <PW •+■—    lH    -*j 

STB  or  OSi  .  DS2 

1.5V  Je 

-/I 

h> (VVE- 

\isv 

-1 

OUTPUT 
DS,  .  DS2 
OUTPUT 
CLR 

15V   -/ 

— L 

X- 

"*j                  (SEE  NOTE  BELOWI                I*-  X0 -j                                  1 

A                                  + »' 

/    V ^E VoL 

f* "w  "|                                                    i/ 

DO 

- — ^ 

X" 

DATA 

STB  or  OS,  .  OS; 

-r      — T 

K  «pd-~H 

OUTPUT 
STB 

Xi 

- — <PW  — — 

OStDSi 

L 4 

INT 

V 

/l5V 

NOTE:    ALTERNATIVE  TEST  LOAD 


"~rr 
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ABSOLUTE  MAXIMUM  RATINGS* 


Ambient  Temperature  Under  Bias  0  C  to  70  C 

Storage  Temperature     -65°C  to  +150°C 

Voltage  on  Any  Pin 

With  Respect  to  Ground. -0  5V  to  +7V 

Power  Dissipation 1  Watt 


*COMMENT  Stresses  above  those  listed  under  "Absqfuto 
Maximum  Ratings"  may  cause  permanent  damage  .to  the 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specif '/'•■; 
cation  is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability. 


D.C.  Characteristics 

TA  =  0°C  to  70° C,  Vcc  =  +5V  ±  5%,  GND  =  0V 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS'1 

vIL 

Input  Low  Voltage 

-.5 

0.8 

Volts 

V,H 

tnput  High  Voltage 

2.0 

VCC +.5 

Volts 

Vol 

Output  Low  Voltage 

0.45 

Volts 

lot.  =  1.6  mA 

VOH 

Output  High  Voltage 

2.4 

Vcc 

Volts 

loH=-^50/iAfor  AB, 
DBandAEN 
IOH=_80/iA  for.  others 

Vhh 

HRQ  Output  High  Voltage 

3.3 

Vcc 

Volts 

Iqh  =  -80/iA 

ice 

Vcc  Current  Drain 

120 

mA 

IlL 

Input  Leakage 

10 

MA 

V|N  =  VCc 

>OFL 

Output  Leakage  During  Float 

10 

AiA 

VOUT  [1] 

Note  1:   VCc  >  V()UT  >  GND  +  ,45V. 


Capacitance 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

TEST  CONDITIONS 

C|N 

Input  Capacitance 

10 

pF 

fc=1MHz 

Ci/o 

I/O  Capacitance 

20 

pF 

Unmeasured  pins 
returned  to  GND 

4-224 


8257 


A.C.  CHARACTERISTICS:  PERIPHERAL  (SLAVE)  MODE 

TA  =  0°C  to  70° C,  Vcc  =  5.0V  ±5%;  GND  =  0V  (Note  1 ), 

8080  BUS  PARAMETERS: 
READ  CYCLE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

Tar 

Adr  or  CSI  Setup  to  RcH 

50 

ns 

Tra 

AdrorCStWold'fromRdt 

0 

ns 

Trde 

.    Data  Access  from  RdJ- 

0      ' 

300 

ns 

CL  =  100pF 

Trdf 

DB^-Float  Delay  from  Rdt 

20 

150 

ns 
ns 

CL  =  100pF 
CL=  15pF 

Trw 

Rd  Width 

300 

ns 

WRITE  CYCLE: 


SYMBOL^ 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

Tew 

.  CS4-  Setup  to  Wr-S- 

300 

ns 

Twc 

CSt  Hold  from  Wrt 

20 

ns 

Taw 

Adr  Setup  to  Wrl 

20 

ns 

twa 

Adr  Hold  from  Wrt 

20 

ns 

Tow 

Data  Setup  to  Wr I 

200 

ns 

TWD 

Data  Hold  from  Wrt 

35 

ns 

Twws 

Wr  Width 

200 

ns 

OTHER  TIMING: 

SYMBOL 

PARAMETER 

MIN. 

MAX„ 

UNIT 

TEST  CONDITIONS 

Trstw 

Reset  Pulse  Width 

300 

ns 

Trstd 

Power  Supply  t  (VCc)  Setup  to  ReseU 

500 

Ms 

Tr 

Signal  Rise  Time 

20 

ns 

Tf 

Signal  Fail  Time 

20 

ns 

Trsts 

Rese  to  First  IOWR 

2 

*CY 

mts  are  made  at  the  following  reference  voltages  unless  specified  otherwise:     Input     "1"  at  2  OV,  "0"  at  0.8V 

Output  "1"  at  2  OV,  "0"  at  0  8V 


8257  PERIPHERAL  MODE  TIMING  DIAGRAM 
WRITE  TIMING: 


READ  TIMING: 


V 


ADDRESS  B US 


DATA  BUS 


iTowr 
RESET  TIMING: 

RESET 


A% 


"V 


:c 


ADDRESS  BUS 


4- 


X 


X 


-v-| 


/ 


X 


fcn*- 
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A.C.  CHARACTERISTICS:  DMA  (MASTER)  MODE    TA  =  o°Cto  70°  c,  vcc  =  +5V  ±5%,GND~'GV 


SYMBOL 

PARAMETER 

MIIM. 

MAX. 

UNIT 

NOTES 

TCY 

Cycle  Time  (Period) 

0.330 

4 

Ms 

T0 

Clock  Active  (High) 

150 

.8TCy 

ns 

Tqs 

DRQt  Setupto04{SI,S4) 

120 

TQH 

DRQI  Hold  from  HLDAt 

0 

4 

Tdq 

HRQt  or  IDelay  from  0t(SI,S4) 
(measured  at  2.0V) 

160 

ns 

1 

Tdqi 

HRQt  or  IDelay  from  0t(SI,S4) 
(measured  at  3.3V) 

250 

ns 

3 

Ths 

HLDAt  or  ISetup  to  04 {SI, S4) 

100 

ns 

Tael 

AENt  Delay  from  04(S1) 

300 

ns 

1 

TAET 

AEN4  Delay  from  0t (SI) 

200 

ns 

1 

Taea 

Adr(AB)  (Active)  Delay  from  AENt(S1) 

20 

ns 

4 

Tfaab 

Adr(AB) (Active)  Delay  from  0t(S1) 

250 

ns 

2 

Tafab 

Adr(AB)(Float)  Delay  from  0t(SI) 

150 

ns 

2 

Tasm 

Adr(AB)(Stab!e)  Delay  from  0t(S1) 

250 

ns 

2 

T"ah 

Adr{AB) (Stable)  Hold  from0t(S1) 

Tasm~50 

2 

TAHR 

Adr(ABKValid)  Hold  from  Rdt(S1,SI) 

60 

ns 

4 

Tahw 

Adr{AB)(Vaiid)  Hold  from  W?t(S1,SI) 

300 

ns 

4 

TFADB 

Adr{DB)(Active)  Delay  from  0t(S1) 

300 

ns 

2 

Tafdb 

Adr(DBMFIoat)  Delay  from  0t(S2) 

Tstt+20 

250 

ns 

2 

TASS 

Adr(DB)  Setup  to  AdrStb|(S1-S2) 

100 

ns 

4 

Tahs 

Adr(DB)  (Valid)  Hold  from  AdrStb4{S2) 

50 

ns 

4 

"%L 

AdrStbt  Delay  from  0t(SD 

200 

ns 

1 

TsrtT 

AdrStbl  Delay  from  0t(S2) 

140 

ns 

1 

TSW 

AdrStb  Width  (S1-S2) 

Tcy-100 

ns 

4 

TASC 

Rd  4  or  Wr ( Ext)  1  Delay  from  Adr  Stb4  (S2) 

70 

ns 

4 

"Tdbc 

Rdi  or  W?{Ext)4  Delay  from  Adr{DB) 
(F!oat){S2) 

20 

ns 

4 

Tak 

DACKt  or  4Delay  from  0 4 (S2.S1  >  and 
TC/Markt  Delay  from  0t  (S3)  and 
TC/Mark4  Delay  from  0t(S4) 

250 

ns 

1,5 

TDCL 

Rd4  or  Wr(Ext)4  Delay  from  0t(S2)  and 
Wr4  Delay  from  0t(S3) 

200 

ns 

2,6 

Tdct 

RdtDelayfrom04(S1,SI)and 
Wrt  Delay  from  0t(S4) 

200 

ns 

2,7 

TFAC 

Rd  or  Wr  (Active)  from  0 1  (S1 ) 

300 

ns 

2 

Tafc 

RdorWr  (Float)  from  0t (SI) 

150 

ns 

2 

TRWM 

Rd  Width  (S2-S1  or  SI) 

2TCY  +  Te-50 

ns 

4 

TWWM 

Wr  Width  (S3-S4) 

TCY~50 

ns 

4 

TWWME 

Wr(Ext)  Width  (S2-S4) 

2TCY-50 

ns 

4 

Trs 

R  EAD Y  Set  Up  Time  to  0 1  (S3,  Sw) 

30 

ns 

TrH 

READY  Hold  Time  from  0t  (S3,  Sw) 

20 

ns 

Load  =  1  TTL     2.   Load  =  1  TTL  +  50pF.     3.   Load 


=  1  TTL  +  (R  l  =  3.3K),  Vqh  =  3,3V.     4.  Tracking  Specification. 
50  ns. 
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Absolute  Maximum  Ratings 


Ambient  Temperature  Under  Bias  0°Cto70°C 

Storage  Temperature  -65°Cto+150°C 
Voltage  On  Any  Pin 

With  Respect  to  Ground  -0  5  V  to  +7  V 

Power  Dissipation  1  Watt 


•COMMENT 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings" 
may  cause  permanent  damage  to  the  device  This  is  a  stress  rating 
only  and  functional  operation  of  the  device  at  these  or  any  other 
conditions  above  those  indicated  in  the  operational  sections  of  this 
specification  is  not  implied 


D.C.  Characteristics:  <ta  -  o°c  to  70°c(-  vcc  =  5v  ±5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST  CONDITIONS 

VfL 

Input  Low  Voltage 

-.5 

.8 

V 

VIH 

Input  High  Voltage 

2.0 

VCc+.5V 

V 

Vol 

Output  Low  Voltage 

.45 

V 

l0L  =  2  mA 

V0H 

Output  High  Voltage 

2.4 

V 

Iqh  =  -400/iA 

I  LI 

Input  Load  Current 

10 

MA 

VIN  =  Vcc  to  0V 

fLOL 

Output  Leakage  Current 

-10 

uA 

VouT  =  0-45V 

>LOH 

Output  Leakage  Current 

10 

uA 

Vqut  =  Vcc 

ice 

Vcc  Supply  Current 

85 

mA 

Capacit 

ance   ta  =  25°C;  vcc  =  gnd 

=  ov 

Symbol 

Parameter 

Mm. 

Typ. 

Max. 

Unit 

Test  Conditions 

C|N 

Input  Capacitance 

10 

pF 

fc  -  1  MHz 

Cl/0 

I/O  Capacitance 

20 

pF 

Unmeasured  pins  returned  to  Vgs 
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A.C.  Characteristics:  ta  =  o°c  to  7o°c;  v, 

BUS  PARAMETERS:  (Notel) 
READ  CYCLE 


8253 


cc  =  5.0V  ±5%;  GND  =  0V 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

*AR 

Address  Stable  Before  READ 

50 

ns 

tRA 

Address  Hold  Time  for  READ 

5 

'ns 

tRR 

READ  Pulse  Width 

430 

ns 

tRD 

Data  Delay  from  READ 

350 

ns 

CL  =  100  pF 

tDF 

READ  to  Data  Floating 

25 

200 

ns 
ns 

CL  =  100pF 
CL  =  15pF 

WRITE  CYCLE 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

*AW 

Address  Stable  Before  WRITE 

20 

ns 

%A 

Address  Hold  Time  for  WRITE 

20 

ns 

%W 

WRITE  Pulse  Width 

400 

ns 

tow 

Data  Set  Up  Time  for  WRITE 

200 

ns 

twD 

Data  Hold  Time  for  WRITE 

40 

ns 

tRV 

Recovery  Time  Between  WRITES 

1 

Ms 

Note  1:   AC  timings  measured  at  V0h  =  2.0,  V0L  =  .8,  and  with  load  circuit  of  Figure  1. 


WRITE  TIMING 


X 


1 


j 


READ  TIMING 

<zx: 


:c 


'rd*-  ♦J'df  *— 
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A.C.  CHARACTERISTICS  (Cont'd):   TA  =  0°C  to  70°C;  Vcc  =  B.OV  ±5%;  GND  =  OV 
CLOCK  AND  GATE  TIMING 


#i#4 


'On..         *    W 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

tCLK 

Clock  Period 

300 

dc 

ns 

tpWH 

High  Pulse  Width 

200 

ns 

tPWL 

Low  Pulse  Width 

100 

ns 

*GW 

Trigger  Pulse  Width 

200 

ns 

tGS 

Gate  Set  Up  Time  To  CLKt 

150 

ns 

tQH 

Gate  Hold  Time  After  CLKt 

100 

ns 

tGL 

Low  Gate  Width 

100 

ns 

tQD 

Output  Delay  From  CLKI 

300 

ns 

CL  =  50  pF 

Absolute  Maximum  Ratings 

Ambient  Temperature  Under  Bias     0°Cto70°C 

Storage  Temperature     .  .  . , -65°Cto+150°C 

Voltage  On  Any  Pin 

With  Respect  to  Ground     -0.5  V  to +7  V 

Power  Dissipation  1  Watt 

D.C.  Characteristics:  (TA  =  o°c  to  70°C;  vcc  «  sv  ±5%) 


•COMMENT:  '  K' %/''° 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings^/,',; 
may  cause  permanent  damage  to  the  device  This  is  a  stress  rating 
only  and  functional  operation  ot  the  device  at  these  or  any  other 
conditions  above  those  indicated  in  the  operational  sections  at  this 
specification  is  not  implied. 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST  CONDITIONS 

VlL 

Input  Low  Voltage 

-.5 

.8 

V 

V,H 

Input  High  Voltage 

2.0 

Vcc+.5V 

V 

Vol 

Output  Low  Voltage 

.45 

V 

Iql  =  2  mA 

Voh 

Output  High  Voltage 

2.4 

V 

IrjH  =  -400 /iA 

VoH-INT 

Interrupt  Output  High  Voltage 

2.4 
3.5 

V 
V 

Ioh  =  -400  mA 
Iqh  =  -50  ftA 

■lUIRo.7) 

Input  Leakage  Current 
for  IRq.7 

-300 
10 

HA 
HA 

V,N  =  OV 
V(N  =  Vcc 

IlL 

Input  Leakage  Current 
for  Other  Inputs 

10 

»A 

v,N  =  vcc  to  0V 

Ilol 

Output  Leakage  Current 

-10 

MA 

Vout  =  0.45V 

'loh 

Output  Leakage  Current 

10 

»A 

Vour  ■  Vcc 

'cc 

Vcc  Supply  Current 

85 

mA 

Capacitance   ta  =  25°c;  vCc  =  gnd 

=  0V 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

TEST  CONDITIONS 

C|N 

Input  Capacitance 

10 

pF     I 

fc  =  1  MHz 

C|/o 

I/O  Capacitance 

20 

pF 

Unmeasured  pins  returned  to  Vgs 
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A.C.  Characteristics:  (TA  =  o°cto  70°c;  vcc  =  +5V  ±5%,  gnd  =  ov) 
BUS  PARAMETERS 
READ 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

tAR 

CS/A0  Stable  before  RD  or  INTA 

0 

ns 

tRA 

CS/A0  Stable  after  RD  or  INTA 

0 

n$ 

tRR 

RD  Pulse  Width 

300 

ns 

*RD 

Data  Valid  from  RD/INTA 

300 

ns 

CL=100pF 

tDF 

Data  Float  after  RD/l"NTA 

20 

120 

ns 

CL-IOOpF 
CL  =  20  pF 

WRITE 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

*AW 

A0  Stable  before  WR 

0 

ns 

*WA 

A0  Stable  after  WR 

220 

ns 

*cw 

CS  Stable  before  WR 

0 

ns 

*WC 

CS~  Stable  after  WR 

0 

ns 

*WW 

WR  Pulse  Width 

300 

ns 

tow 

Data  Valid  to  WR  (T.E.) 

200 

ns 

tWD 

Data  Valid  after  WR 

-20 

ns 

OTHER  TIMINGS 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TEST  CONDITIONS 

tiw 

Width  of  Interrupt  Request  Pulse 

130 

ns 

*tNT 

INT  t  after  IR  t 

1.1 

JUS 

tic 

Cascade  Line  Stable  after  INTA  t 

500 

ns 
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Waveforms 

READ  TIMING 


ADDRESS  BUS 


\ 


X 


^     TBWS      £ 


t 


f 


iZZ* 


WRITE  TIMING 


CHIP  SELECT 


ADDRESS  BUS 


"\ 


X 


X 


\_X 


f 


X 


X 


OTHER  TIMING 


1tNT-*1 

— i  tlMJ  r*- 


1_J 


\  ©  / 
) -<     )--- 

— - (_ 

>~ 

^_.   ™ 

^ 

> 

tlc.  h- 

/ 

Interrupt  acknowledge  INTA  sequence  must  remain  "HIGH"  (at  least)  until  leading  edge  of  first  INTA. 
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D.C.  AND  OPERATING  CHARACTERISTICS 

ABSOLUTE  MAXIMUM  RATINGS* 

Temperature  Under  Bias ,  ,  .  „ q°q  to  jq°q 

Storage  Temperature ^5»c  to  +150°c 

AH  Output  and  Supply  Voltages -0.5V  to  +7V 

All  Input  Voltages _t  ov  to  +5  5V 

Output  Currents 100  mA 

•COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Rating"  may  cause  permanent  damage  to  the  device.  This  it  a  stress  rating 
only  and  functional  operation  of  the  device  at  these  or  at  any  other  condition  above  those  indicated  in  the  operational  sections  of  thtt  specifi- 
cations it  not  implied.  Exposure  to  absolute  maximum  ratings  for  extended  periods  may  affect  device  reliability. 


TA  =  0°C  to  +70°C,  VCG  =  5V  ±5%. 


Symbol 

Parameter 

Limits 

Unit 

Min. 

Typ.W 

Max. 

Conditions 

vc 

Input  Clamp  Voltage  (all  inputs) 

-1.0 

V 

lc=-5mA 

If 

Input  Forward  Current:      ETLG  input 

all  other  inputs 

-.15 
-.08 

-0.5 
-0,25 

mA 
mA 

VF=0.45V 

Ir 

Input  Reverse  Current:       ETLG  input 

all  other  inputs 

80 
40 

/iA 

VR=5.25V 

Vil 

Input  LOW  Voltage:           all  inputs 

0,8 

V 

VCC=5.0V 

V,H 

Input  HIGH  Voltage:     .     all  inputs 

2.0 

V 

VCC=5.0V 

Ice 

Power  Supply  Current 

90 

130 

mA 

See  Note  2, 

Vol 

Output  LOW  Voltage:        all  outputs 

.3 

.45 

V 

loL  =  1SmA 

Voh 

Output  HIGH  Voltage:       ENLG  output 

2,4 

3.0 

V 

'0H=~1mA 

"OS 

Short  Circuit  Output  Current:  ENLG  output 

-20 

-35 

-55 

mA 

VOss0V,Vcc=5.0V 

(CEX 

Output  Leakage  Current:   INT  and  A^  A^ 

100 

flA 

VCEX=5.25V 

NOTES: 

1 .  Typical  values  are  for  T^  ■  25°  C,  Vce  "  6.0V. 

2.  8q-B2,  SGS,  CLK,  RQ-ff^  grounded,  all  dthtr  inputs  and  all  outputs  open. 
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A.C.  CHARACTERISTICS  AND  WAVEFORMS   ta  =  0°C  to  +70°C,  Vcc  =  + 


Parameter 

Limits 

Symbol 

Min. 

TypJU 

Max. 

Unit 

toy 

CLK  Cycle  Time 

80 

50 

ns 

*PW 

CLK,  ECS,  INT  Pulse  Width 

25 

15 

ns 

tiSS 

INTE  Setup  Time  to  CLK 

16 

12 

ns 

tlSH 

INTE  Hold  Time  after  CLK 

20 

10 

ns 

tETCSf2l 

ETLG  Setup  Time  to  CLK 

25 

12 

ns 

tETCHf2j 

ETLG  Hold  Time  After  CLK 

20 

10 

ns 

teccs121 

ECS  Setup  Time  to  CLK 

80 

50 

ns 

tECCH^ 

ECS  Hold  Time  After  CLK 

0 

ns 

*ECRS131 

ECS  Setup  Time  to  CLK 

110 

70 

ns 

*£CRH131 

ECS  Hold  Time  After  CLK 

0 

tECSSI2] 

ECS  Setup  Time  to  CLK 

75 

70 

ns 

tECSH121 

ECS  Hold  Time  After  CLK 

0 

ns 

tocs£2] 

SGS  and  B0-B2  Setup  Time  to  CLK 

70 

50 

ns 

tDCH121 

SGS  and  B0-B2  Hold  Time  After  CLK 

0 

ns 

tRCSl3] 

R0-R7  Setup  Time  to  CLK 

90 

55 

ns 

tRCH(31 

R0-R7  Hold  Time  After  CLK 

0 

ns 

tics 

INT  Setup  Time  to  CLK 

55 

35 

ns 

tCi 

CLK  to  INT  Propagation  Delay 

15 

25 

ns 

tR.St4] 

R0-R7  Setup  Time  to  INT 

10 

0 

ns 

tRIH[41 

R0-R7  Hold  Time  After  INT 

35 

20 

ns 

*RA 

R0-R7  to  Ao~A2  Propagation  Delay 

80 

100 

ns 

*ELA 

ELR  to  ArrA2  Propagation  Delay 

40 

55 

ns 

*ECA 

ECS  to  A0-A2  Propagation  Delay 

100 

120 

ns 

*ETA 

ETLG  to  A0-A2  Propagation  Delay 

35 

70 

ns 

tDECS[4} 

SGS  and  B0-B2  Setup  Time  to  ECS 

15 

10 

ns 

tDECH141 

SGS  and  B0-B2  Hold  Time  After  ECS 

15 

10 

ns 

tREN 

R0-R7  to  ENLG  Propagation  Delay 

45 

70 

ns 

*ETEN 

ETLG  to  ENLG  Propagation  Delay 

20 

25 

ns 

*ECRN 

ECS  to  ENLG  Propagation  Delay 

85 

90 

ns 

tECSN 

ECS  to  ENLG  Propagation  Delay 

35 

55 

ns 

CAPACITANCE  [5] 


Symbol 


C|N 


CquT 


Parameter 


Input  Capacitance 


Output  Capacitance 


TEST  CONDITIONS:  \fe)AS  =  2.5V,  Vcc  =  5V.  TA  =  25°C,  f  =  1  MHz 
NOTE  5    This  parameter  is  periodically  sampled  and  not  100%  tested. 


Min. 


Typ.W 


Unit 
pF 
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WAVEFORMS 


NOTES: 

(1>  Typical  values  are  for  TA  =  25°C  ,V(X  =  5.0V 

>2'  Required  for  proper  operation  if  ISE  is  enabled  during  next  clock  pulse 

'•*'  These  times  are  not  required  for  proper  operation  but  for  desired  change  if 

'4'  Required  for  new  request  or  status  to  be  properly  loaded 

TEST  CONDITIONS: 

Input  pulse  amplitude:  2.5  volts. 

Input  rise  and  fall  times:  5  ns  between  1  and  2  volts. 

Output  loading  of  15  mA  and  30  pf. 

Speed  measurements  taken  at  the  15V  levels. 


TEST  LOAD  CIRCUIT 


TMS  5501  ELECTRICAL  AND  MECHANICAL  SPECIFICATIONS 

ABSOLUTE  MAXIMUM  RATINGS  OVER  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
(UNLESS  OTHERWISE  NOTED)* 

Supply  voltage,  Vqc  (see  Note  1 )       —0.3  V  to  20  V 

Supply  voltage,  Vqq  (see  Note  1 ...  —0,3  V  to  20  V 

Supply  voltage,  Vss  (see  Note  1 )                                                 . .     ,  -0.3  V  to  20  V 

All  input  and  output  voltages  (see  Note  1) ,  — 0.3  V  to  20  V 

Continuous  power  dissipation -         -  ...     1.1  W 

Operating  free-air  temperature  range .0°C  to  70°C 

Storage  temperature  range -65°Cto150°C 

'Stresses  beyond  those  listed  under  Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device  This  is  a  stress  rating  only 
and  functional  operation  of  the  device  at  these  or  any  other  conditions  beyond  those  indicated  in  the  "Recommended  Operating 
Conditions"  section  of  this  specification  is  not  implied    E  xposure  to  abjotutemaximum-rated  conditions  for  extended  periods  may  affect 

NOTE   1  :    Under  absolute  maximum  ratings  voltage  values  are  with  respect  to  the  normally  most  negative  supply  voltage.  VBB  (substrate). 
Throughout  the  remainder  of  "this  data  sheet,  voltage  values  Bre  with  respect  to  Vgg  unless  otherwise  noted. 
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RECOMMENDED  OPERATING  CONDITIONS 


Supply  voltage,  Vgg 


Supply  voltage,  V(;C 


Supply  voltage,  VDD 


Supply  voltage,  Vgg 


High-level  input  voltage,  V[H  (all  inputs  except  clocks) 


High-level  clock  input  voltage,  V|j. 


Low-level  input  voltage,  V|L  fall  inputs  except  clocks)  Ise 
Low-level  clock  input  voltage,  Vt L^  (see  Note  2} 


Operating  free-air  lemperature,  T^ 


MIN      NOM     MAX 


Vcc+i 


VPD-I 


NOTE  2:   The  algebra 


:  in  this  specification  for  logic  voltage  lev 


ELECTRICAL  CHARACTERISTICS  OVER  FULL  RANGE  OF  RECOMMENDED  OPERATING  CONDITIONS 
(UNLESS  OTHERWISE  NOTED) 


PARAMETER 

TEST  CONDITIONS 

MIN      MAX 

UNIT 

Input  current  (any  input  except 
clocks  and  data  bus) 

V,=OVtoVcc 

tlO 

MA 

'!(<?.) 

Clock  input  current 

V|(0)=OVtoVDD 

t10 

^A 

'l(DB) 

Input  current,  data  bus 

VI(DB»  =OVto  VCC,                  CEatOV 

-100 

PA 

VOH 

High-level  output  voltage 

'OH  =  400  M 

37 

V 

VOL 

Low-level  output  voltage 

'OL  "  1  7  mA. 

0.4S 

V 

(BB(av> 

Average  supply  current  from  Vrr 

Operating  at  tc(0)  *>  480  ns, 
TA  =  25  C 

_1 

mA 

"CCIavJ 

Average  supply  current  from  Vcc 

100 

'DD(av) 

Average  supply  current  from  V^p 

40 

ci 

Capacitance,  any  input  except  clock 

vcc  =  vDD- vss  =  ov, 

VBB  = -4.75  to -5.25  V,           f  "  1  MHj, 
All  other  pins  at  0  V 

10 

PF 

ClM 

Clock  input  capacitance 

75 

co 

Output  capacitance 

20 

TIMING  REQUIREMENTS  OVER  FULL  RANGE  OF  RECOMMENDED  OPERATING  CONDITIONS 
(SEE  FIGURES  5  AND  6) 


Clock  cycle  time 


Pulse  width,  clock  1  high 


Pulse  width,  clock  2  high 


'd(ffl1  L-02)     Detav  time,  clock  1  low  to  clock  2 


_1d<02-01)       Delay  ti 


)ck  2  to  clock  1 


ld(»1H-o2t    Delay  ti 

{su(ad)  Address  setup  time 


clock  1  high  to  clock  2  (time  between  leading  edges) 


Chip-enable  setup  time 


'su(sync)        Sync  setup  ti 


External  input  setup  time 


Chip-enable  hold  time 


'Msync)  sVnC  hold  tin 


TMXI> 


External  input  hold  ti 


'wtsens  H)     Pui^  width,  sensor  input  high 


'w(sens  L)      Pulse  width,  sensor  input  low 
'dfsens-int)    Delay  time. 


to  interrupt  (time  between  leading  edges) 


^(rst-int)       Delay  time,  RST  instruction  to  interrupt  (time  between  trailing  edges) 
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SWITCHING  CHARACTERISTICS  OVER  FULL  RANGE  OF  RECOMMENDED 
OPERATING  CONDITIONS  (SEE  FIGURES  6  AND  7, 


PARAMETER 

TEST  CONDITIONS 

MIN 

MAX 

UNIT 

IPZX 

Data  bus  output  enable  time 

CL  =  100  pF, 
RL=  1  3kll 

200 

ns 

tPXZ 

Data  bus  output  disable  time  to  high-impedance  state 

180 

ns 

tpD 

External  data  output  propagation  delay  time  from  02 

200 

ns 

TMS  5501  _ 
OUTPUT 


;CL  =  100  pF 


LOAD  CIRCUIT 


EXTERNAL 
INPUTS 


NOTE:    For  01  or  02  inpuTs.  high  and  low  ti 


g  points  are  90%  and  10%  of  V,H(^)    All  other 
FIGURE  6-READ  CYCLE  TIMING 


g  points  are  the  50%  leue 
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NOTE:    For  01  and  02  inputs,  high  and  low  timing  points  are  90%  and  10%  of  ViH(0)    All  other  timing  points  are  the  50%  level. 
FIGURE  7-WRITE  CYCLE  TIMING 


INTERRUPT 


RST  INSTRUCTION 
ON  DATA  BUS 
(See  Note  1) 


U—  tcHrst-int)- 


NOTES:     1     The  RST  instruction  occurs  during  the  output  data  u 
2     All  timing  points  are  50%  of  V)H 


a  of  tne  read  cycle. 


FIGURE  8-SENSOR/INTERRUPT  TIMING 
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ABSOLUTE  MAXIMUM  RATINGS* 


Temperature  Under  Bias:       Ceramic 

Plastic 
Storage  Temperature 
All  Output  or  Supply  Voltages 
All  Input  Voltages 
Output  Currents 


-65°Cto  M25°C 
-65°C  to  +75°C 
-65°  C  to+160°C 
-0  5  to +7  Volts 
-1.0  to  +5.5  Volts 
125  mA 


•COMMENT 

Stresses  above  those  listed  under  "Absolute  Maximum  Rat- 
ing" may  cause  permanent  damage  to  the  device.  This  is  a  stress 
rating  only  and  functional  operation  of  the  device  at  these  or  at 
any  other  condition  above  those  indicated  in  the  operational 
sections  of  this  specification  is  not  implied.  Exposure  to  absolute 
maximum  rating  conditions  for  extended  periods  may  affect 
device  reliability. 


D.C.  CHARACTERISTICS  TA  =  0°C  to  +75°C,  Vcc  =  5.0V  ±5% 


SYMBOL 

PARAMETER 

LIMIT 

UNIT 

MIN. 

MAX. 

lF 

INPUT  LOAD  CURRENT 

-0.25 

mA 

Vcc  =  5.25V,  Vp  =  0  45V 

'« 

INPUT  LEAKAGE  CURRENT 

10 

uA 

VCC  =  5  25V,VR  =5  25V 

vc 

INPUT  FORWARD  CLAMP  VOLTAGE 

-1.0 

V 

Vcc  =  4  75V,  lc  =  -5.0  mA 

V 

OUTPUT  "LOW"  VOLTAGE 

045 

V 

Vcc  =4  75V,  lQL=  10.0  mA 

vOH 

OUTPUT  HIGH  VOLTAGE 

24 

V 

Vcc  =  4.75V,  l0H=  -1,5  mA 

V,L 

INPUT  "LOW"  VOLTAGE 

085 

V 

VCC=5  0V 

vtH 

INPUT  "HIGH"  VOLTAGE 

2.0 

V 

Vcc  =  5.0V 

<sc 

OUTPUT  HIGH  SHORT 
CIRCUIT  CURRENT 

-40 

-120 

mA 

Vcc  =  5.0V,  VOUT  =  0V 

vox 

OUTPUT  "LOW"  VOLTAGE 
@HIGH  CURRENT 

0  8 

V 

Vcc=  5.0V.  lox  =  40  mA 

'cc 

POWER  SUPPLY  CURRENT 

70 

mA 

Vcc  =  5.25V 

TYPICAL  CHARACTERISTICS 


OUTPUT  CURRENT  VS. 
OUTPUT  "LOW"  VOLTAGE 


1 

TA  =  75«C   ^ 

1 

TA  •  ZSC-- 

Vcc  ■  5 

OV 

TA  •--  OX 

1 

TA 

-75" 

C^ 

-Tj 

•  0° 

c 

-TA  *»C 

OUTPUT  CURRENT  VS. 
OUTPUT  "HIGH"  VOLTAGE 


1 

C" 

tr  t 

A'2B'X 

A  -0 

l°C  — 

1  TA  =  75°C 

DATA  TRANSFER  FUNCTION 


- 

— 

! 

! 

J       T 

A«0°C 

TA  ■  2S 

c- 

\ 

TA  -  7S-C  _ 

\ 

|    ; 

l\ 

^  i  ;  r 

\\ 

i  1  !  1 

\^ 

6       8     1.0     1  2    14     16     1.8    20 

INPUT  VOLTAGE  (V) 
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SCHOTTKY  BIPOLAR  8205 


8205  SWITCHING  CHARACTERISTICS 


CONDITIONS  OF  TEST: 

Input  pulse  amplitudes:    2„5V 

Input  rise  and  fall  times:    5  nsec 
between  1V  and  2V 

Measurements  are  made  at  1  ,&V 


4 


SliR 


All  Transistors  2N2369  or  Equivalent      CL  =  30  pF, 


TEST  WAVEFORMS 


J  V 


X 


A.C.  CHARACTERISTICS    TA  =  0°C  to  +75°C,  Vcc  =  5.0  V  ±5%  unless  otherwise  specified. 


SYMBOL 

PARAMETER 

MAX.  LIMIT 

UNIT 

TEST  CONDITIONS 

'*♦  + 

ADDRESS  OR  ENABLE  TO 
OUTPUT  DELAY 

18 

ns 

t„  + 

18 

ns 

U_ 

18 

ns 

t__ 

18 

ns 

<T»™ 

INPUT  CAPACITANCE      P8205 
C8205 

4{typ.) 

pF 

1  =  1   MHz    VcC  =  ov 

5{typ  ) 

pF 

VB|AS=2.0V,TA-25°C 

1    This  parameter 

is  penodicallv  sampied  and  is  not  100%  test 

ed. 

TYPICAL  CHARACTERISTICS 


AOORESS  OR  ENABLE  TO  OUTPUT 
DELAY  VS.  LOAD  CAPACITANCE 


35 
22 


I 

Vcc  •■  5.0V 

TA  -  25  C 

t„-_ 

,-"_^ 

Z^-— ~~~ 

is-*""*"  ! 

I 

r    i      | 

150  200 


ADDRESS  OR  ENABLE  TO  OUTPUT 
DELAY  VS.  AMBIENT  TEMPERATURE 




1 

Vcc    ■-  5  OV 
CL     =   30  pF 

«...t..       ; 

■-. 

... 

LOAD  CAPACITANCE  tpFI 
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SCHOTTKY  BIPOLAR  8216/8226 


D.C.  AND  OPERATING  CHARACTERISTICS 

ABSOLUTE  MAXIMUM  RATINGS* 

Temperature  Under  Bias , , 0°C  to  70°  C 

Storage  Temperature  .....     , , , -65°C  to  +150°C 

All  Output  and  Supply  Voltages    , -0.5V  to  +7V 

All  Input  Voltages -1.0V  to  +5.5V 

Output  Currents  . ..,.., ....,..,.. , ...    125  mA 

•COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Rating"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating 
only  and  functional  operation  of  the  device  at  these  or  at  any  other  condition  above  those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied. 


TA  =  0  C  to  +70  C,VCC=+5V  ±5% 


Parameter 

Limits 

Unit 

Symbol 

Mm. 

Typ. 

Max. 

Conditions 

lF1 

Input  Load  Current  DIEN,  CS 

-0.15 

-.5 

mA 

VF=0.45 

lF2 

Input  Load  Current  All  Other  Inputs 

-008 

-.25 

mA 

VF=0.45 

Iri 

Input  Leakage  Current  DIEN,  CS 

20 

M 

VR  =  5.25V 

*R2 

Input  Leakage  Current  Dl  Inputs 

10 

MA 

VR=  5.25V 

Vc 

Input  Forward  Voltage  Cfamp 

_1 

V 

lc  =  -5mA 

V,L 

Input  "Low"  Voltage 

.95 

V 

V,H 

Input  "High"  Voltage 

2.0 

V 

Hoi 

Output  Leak  age  Current                DO 
(3-State)                                          DB 

20 
100 

/uA 

V0  =  0.45V/5.25V 

8216 

95 

130 

mA 

>cc 

8226 

85 

120 

mA 

VOLI 

Output  "Low"  Voltage 

0.3 

.45 

V 

DO  Outputs  l0L=15mA 
DB  Outputs  l0L=25mA 

VOL2 

8216 

0,5 

.6 

V 

DB  Outputs  lOL=55mA 

8226 

0.5 

.6 

V 

DB  Outputs  lOL=50mA 

VOH1 

Output  "High"  Voltage 

3.65 

4.0 

V 

DO  Outputs  Iqh  =  -TrnA 

VOH2 

Output  "High"  Voltage 

2.4 

3.0 

V 

DB  Outputs  Iqh  =  -10mA 

los 

Output  Short  Circuit  Current 

-15 
-30 

'-35 
-75 

-65 
-120 

mA 
mA 

DO  Outputs  V0  ss  0V, 
DB  Outputs  VCC=5.0V 

NOTE:  Typical  values  are  for  TA  ■=  25°  C,  Vqc  =  5.0V.. 
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SCHOTTKY  BIPOLAR  8216/8226 


WAVEFORMS 


)€ 


X 


3C 


X. 


A.C.  CHARACTERISTICS 

TA  =  0°C  to  +70°C,  Vcc  =  +5V  +5% 


Parameter 

Limits 

Unit 

Symbol 

Mtn. 

Typ.MJ 

Max. 

Conditions 

TpDI 

Input  to  Output  Delay  DO  Outputs 

15 

25 

ns 

CL=30pF,  ^=30011 
R2=600£2 

TPD2 

Input  to  Output  Delay  DB  Outputs 
8216 

20 

30 

ns 

C^SOQpF.R^gon 

8226 

16 

25 

ns 

R2  =  180U 

TE 

Output  Enable  Time 

8216 

45 

65 

ns 

(Note  2) 

8226 

35 

54 

ns 

{Note  3] 

To 

Output  Disable  Time 

20 

35 

ns 

(Note  4) 

TEST  CONDITIONS: 

Input  pulse  amplitude  of  2.5V 

Input  rise  and  fall  times  of  5  ns  between  1  and  2  volts 

Output  loading  is  5  mA  and  10  pF 

Speed  measurements  are  made  at  1.5  volt  levels, 


Capacitance i5] 


TEST  LOAD  CIRCUIT 


Parameter 

Limits 

Symbol 

Min„ 

Typ.M) 

Max. 

Unit 

C|N 

Input  Capacitance 

4 

8 

pF 

COUTl 

Output  Capacitance 

6 

10 

pF 

COUT2 

Output  Capacitance 

13 

18 

pF 

TEST  CONDITIONS:     VB,AS  =  2..SV.  Vcc  =  5.0V.  TA  =  25°C,  f  =  1  MHz 

NOTES:        1  Typical  values  are  for  TA=  25° C.  VCC  =  5.0V 

2.  DO  Outputs,  CL  =  30pF,  R,  =  300/10  Kn.  R2  =  180/1  Kn;  DB  Outputs,  CL  =  3Q0pF,  R,  =  90/10  K«,  R2  =  1&0/1  Kn 

3.  DO  Outputs,  CL  =  30pF,  R,  =  300/10  Kn,  R2  =  600/1 K;  DB  Outputs,  CL=300pF,R1  =  90/10  Kn,  R2  =  180/1  Kfl. 
4  DO  Outputs,  CL  =  SpF,  R:  -  300/10  Kn,  R2  «•  600/1  KH;  DB  Outputs,  CL  =  5pF,  Rt  =  90/10  Kft,  R2  =  180/1  Kn. 
5.  This  parameter  is  periodically  sampled  and  not  100%  tested 
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Chapter  5 
THE  8085 


The  8085  is  Intel's  enhancement  of  the  8080A  — just  as  the  Z80  is  Zilog's  enhan- 
cement of  the  8080A.  The  Z80  is  described  in  Chapter  7. 

Intel  is  the  developer  of  the  8085;  Intel  is  also  the  principal  manufacturer  of  the 
8080A.  But  the  individuals  at  Zilog  who  developed  the  Z80  were  previously 
employed  by  Intel,  at  which  time  they  developed  the  8080A  from  the  8008.  The 
Z80  and  the  8085  therefore  have  equal  claim  to  be  the  legitimate  descendent  of 
the  8080A. 

The  8085  provides  the  same  logic  as  the  8080A,  8224  and  8228  three-chip  CPU. 
The  8085  has  the  following  additional  enhancements: 

1)  The  8085  requires  a  single  +5V  power  supply 

2)  The  8085  uses  a  single  clock  signal 

3}  The  8085  has  a  primitive  on-chip  serial  I/O  capability  which  may  also  be  used  to  in- 
put status  and  output  control  signals. 

4}     The  8085  has  interrupt  request  pins  with  hardware-generated  interrupt  vectoring. 

5)  The  8085  operates  with  a  standard  320  nanosecond  clock  as  against  the  standard 
500  nanosecond  clock  of  the  8080A.  But  recall  that  there  are  versions  of  the  8080A 
that  operate  with  a  250  nanosecond  clock. 

The  8085  instruction  set  is  almost  identical  to  the  8080A  instruction  set;  in  con- 
trast, the  Z80  has  a  massively  expanded  instruction  set.  The  large  Z80  instruction 
set  has  been  criticized  for  its  complexity,  but  one  could  argue  that  since  the  Z80  also 
provides  the  complete  8080A  instruction  set  anyone  who  does  not  want  to  use  the  ad- 
ditional instructions  can  simply  ignore  them. 

The  8085  multiplexes  its  Data  Bus  with  the  low  order  Address  Bus  lines.  Such 

multiplexing  demands  custom  support  devices,  or  external  demultiplexing  logic. 

Figure  5-3  and  associated  text  provide  a  direct  comparison  of  8085  and  8080A 
signal  interfaces. 

In  addition  to  the  8085  microprocessor,  support  devices  described  in  this  chapter 
include: 

•  The  81 55/81  56  static  RAM  with  I/O  ports  and  timer.  This  device  provides  256  bytes  of 
static  read/write  memory. 

•  The  8355  ROM  with  I/O  ports.  This  device  provides  2048  bytes  of  read-only  memory 
plus  I/O  logic.    " 

•  The  8755  EPROM  with  I/O  ports.  This  device  provides  2048  bytes  of  erasable  pro- 
grammable read-only  memory  with  I/O  logic. 

Note  that  the  8080A  support  devices  described  in  Chapter  4  may  also  be  used 
with  the  8085. 
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Currently  the  only  manufacturer  of  the  8085  is: 

INTEL  CORPORATION 

3065  Bowers  Avenue 

Santa  Clara,  California  95051 

Intel  has  a  policy  of  not  officially  authorizing  second  sources.  Companies  currently  sec- 
ond sourceing  the  8080A  are  likely  to  watch  and  see  how  the  8085  fares  against  the 
Z80  before  committing  the  engineering  expense  associated  with  developing  an  8085 
second  source. 

The  8085  uses  a  single  +5V  power  supply;  it  is  packaged  as  a  40-pin  DIP. 

Using  a  320  nanosecond  clock,  instruction  execution  times  range  from  1.3  microse- 
conds to  5.75  microseconds. 

All  8085  devices  have  TTL  compatible  signals. 
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THE  8085  CPU 

Functions  implemented  on  the  8085  CPU  are  illustrated  in  Figure  5-1;  they  repre- 
sent typical  CPU  logic.  The  8085  has  an  Arithmetic  and  Logic  Unit  a  Control  Unit  Ac- 
cumulators and  registers. 

Clock  logic  is  on  the  8085  CPU  chip;  only  an  external  crystal  or  RC  network  is  needed. 

Bus  interface  logic  which  was  excluded  on  the  8080A  is  provided  by  the  8085 

N-channel  silicon  gate  technology  is  used  by  all  8085  devices. 

8085  PROGRAMMABLE  REGISTERS 

The  8085  programmable  registers  are  identical  to  the  8080A  programmable 
registers.  They  may  be  illustrated  as  follows: 

Program  Status  Word     )      These  two  sometimes 
Primary  Accumulator      )      treated  as  a  16-bit  unit 
Secondary  Accumulators/Data  Counter 
Secondary  Accumulators/Data  Counter 
Secondary  Accumulators/Data  Counter 
Stack  Pointer 
Program  Counter 

For  a  discussion  of  8085  programmable  registers  refer  to  the  8080A  CPU  descrip- 
tion given  in  Chapter  4, 

8085  ADDRESSING  MODES 

The  8085  uses  exactly  the  same  memory  addressing  modes  as  the  8080A.  Direct 
and  implied  memory  addressing  are  available.  See  the  8080A  addressing  modes 
description  given  in  Chapter  4  for  details. 

8085  STATUS 

The  8085  has  the  same  set  of  status  flags  as  the  8080A;  status  flags  are  stored  in 
the  same  bits  of  the  Program  Status  Words.  The  five  status  flags  provided  are: 

Zero  (Z) 
Sign  (S) 
Parity  (P) 
Carry  (C) 

Auxiliary  Carry  (AC) 
Status  flags  are  assigned  to  bits  of  the  Program  Status  Words  as  follows: 


PSW 

A 

B 

C 

D 

E 

H 

L 

SP 

PC 

7654321     0  ^ 

IslzlxHdxHxkl 

UX 


Unassigned 

For  a  discussion  of  status  flags  refer  to  the  8080A  status  description  given  in 
Chapter  4. 
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PIN  NAME 

ADO  -  AD7 

A8-A15 

ALE 

RD 

WR 

IO/M 

SO,  S1 

READY 

SID 

SOD 

HOLD 

HLDA 

INTR 

TRAP 

RSTE 

RST  6.5 

RST  ; 

INTA 


'5.5\ 
"6.5  > 
■7.5  J 


RESET  IN 
RESET  OUT 
XI,  X2 
CLK 
VCC  VSS 


DESCRIPTION 

TYPE 

Address/Data  Bus 

Bidirectional,  tristate 

Address  Bus 

Output,  tristate 

Address  Latch  Enable 

Output,  tristate 

Read  Control 

Output,  tristate 

Write  Control 

Output,  tristate 

I/O  or  Memory  Indicator 

Output,  tristate 

Bus  State  Indicators 

Output 

Wait  State  Request 

Input 

Serial  Data  Input 

Input 

Serial  Data  Output 

Output 

Hold  Request 

Input 

Hold  Acknowledge 

Output 

Interrupt  Request 

Input 

Non-maskable  Interrupt  Request 

Input 

Hardware  vectored 

(  Input 

interrupt  requests 

\   Input 
*  input 
Output 

Interrupt  Acknowledge 

System  Reset 

Input 

Peripherals  Reset 

Output 

Crystal  or  RC  Connections 

Input 

Clock  Signal 

Output 

Power,  Ground 

Figure  5-2.  8085  CPU  Signals  And  Pin  Assignments 

8085  CPU  PINS  AND  SIGNALS 

8085  CPU  pins  and  signals  are  illustrated  in  Figure  5  2. 

Whereas  the  internal  architecture  and  the  instruction  sets  of  the  8080A  and  the  8085 
are  very  similar,  pins  and  signals  are  not  We  will  therefore  begin  by  describing  8085 
signals  without  reference  to,  or  comparison  with,  the  8080A;  then  we  will  compare  the 
two  interfaces. 

The  Address  and  Data  Busses  of  the  8085  are  multiplexed.  Pins  A8  -  A15  are  out- 
put-only lines  which  carry  the  high  order  byte  of  memory  addresses.  ADO  -  AD7  are 
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bidirectional  iines  which  output  the  tow  order  byte  of  memory  addresses;  ADO  -  AD7 
also  serve  as  a  bidirectional  Data  Bus, 

ALE  is  an  address  latch  enable  signal  which  pulses  high  when  address  data  is  being 
output  on  ADO  -  AD7.  You  may  use  the  falling  edge  of  ALE  to  strobe  the  address  off 
ADO  -  AD7  into  external  latches  if  you  are  demultiplexing  ADO  -  AD7  into  separate  Ad- 
dress and  Data  Busses. 

Five  control  signals  control  memory  and  I/O  accesses. 

RD  is  pulsed  low  for  a  memory  or  I/O  read  operation. 

WR  is  pulsed  low  for  a  memory  or  I/O  write  operation. 

IO/M  is  output  high  in  conjunction  with  RD  or  WR  for  an  I/O 


8085 

CONTROL 

SIGNALS 


IO/M  is  output  low  in  conjunction  with  RD  or  WR  for  a  memory  read  or  write 
operation. 

The  state  of  the  System  Bus  is  further  defined  by  the  SO  and 
S1  status  signals  as  follows: 


31 

SO 

0 

0 

0 

1 

1 

0 

1 

1 

8085 

DATA  BUS 
DEFINITION 
SIGNALS 


OPERATION  SPECIFIED 

Halt 

Memory  or  I/O  write 

Memory  or  I/O  read 

Instruction  fetch 

External  logic  that  does  not  have  sufficient  time  to  respond  to  an  access  can  gain  addi- 
tional time  by  using  the  READY  input  signal  The  READY  input  can  be  used  to  insert 
Wait  state  clock  periods  in  any  machine  cycle.  Timing  and  logic  associated  with 
Wait  states  is  described  later  in  this  chapter 

Two  signals  allow  a  primitive  serial  I/O  capability.  The  high  order 
Accumulator  bit  may  be  output  via  SOD.  The  signal  level  at 
SID  may  be  input  to  the  high  order  bit  of  the  Accumulator.  SID 

and  SOD  may  also  be  used  to  input  status  and  to  output  control  signals. 

Two  signals  allow  external  logic  to  take  control  of  the  System  Bus. 
HOLD,  when  input  high,  floats  the  Address  Bus  plus  the  RD, 


8085 
SERIAL  I/O 


8085  BUS 
CONTROL 
SIGNALS 


WR,  IO/M  and  ALE  control  signals.  HLDA  is  output  high  to 
acknowledge  this  Hold  condition. 

There  are  six  signals  associated  with  interrupt  logic.  Inter-  8085 

rupts  may  be  requested  via  INTR,  RST  5.5,  RST  6.5,  RST  7.5  INTERRUPT 

and    TRAP.    An    interrupt    request    made    via    INTR    is  SIGNALS 
acknowledged  via  the  INTA  output. 

INTR  is  the  genera!  purpose  interrupt  request  used  by  external  logic,  it  is  equivalent  to 
the8080A  INTR  signal, 

TRAP    is    a    non-maskable,    highest    priority    interrupt    request,    TRAP    is    used    for 
catastrophic  failure  interrupts. 

RST  5.5,  RST  6.5  and  RST  7.5  are  three  interrupt  request  signals  supported  by  hard- 
ware-implemented vectoring. 

Interrupt  capabilities  of  the  8085  are  described  in  detail  later  in  this  chapter. 

There  are  two  signals  associated  with  8085  Reset  logic. 


RESET  IN  is  the  Reset  input  signal  This  signal  need  not  be  syn- 
chronized with  the  clock.  RESET  OUT  is  a  Reset  signal  output  by 
the  8085  for  use  throughout  the  rest  of  the  8085  microcomputer 
system. 


8085 

RESET 

SIGNALS 
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X1  and  X2  connect  an  external  crystal  or  RC  network  to  drive  clock  logic  internal 
to  the  8085.  A  crystal  will  be  connected  as  follows: 


□ 


An  RC  network  will  be  connected  as  follows: 


You  can  apply  a  clock  signal  directly  to  X1: 

+  5V 


Slave  8085  devices  in  a  multiple  CPU  system  will  usually  be  driven  directly  by  a  clock 
signal. 

A  TTL  level  clock  signal  CLK  is  output  by  the  8085  It  may  be  used  to  drive  slave  CPUs, 
or  for  any  other  synchronization  purpose  within  the  microcomputer  system. 
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A  COMPARISON  OF  8085  AND  8080A  SIGNALS 

No  attempt  has  been  made  to  maintain  any  kind  of  pin  compatibility  between  the 
8085  and  the  8080A.  Nevertheless,  as  illustrated  in  Figure  5-3,  it  is  relatively  sim- 
ple to  derive  equivalent  system  busses  when  using  the  8085  or  the  8080A.  But 

look  at  Figure  5-3  with  an  element  of  caution.  Many  logical  combinations  of  8085  sig- 
nals are  shown  reproducing  8080A  signals;  in  reality  you  will  never  generate  such  logi- 
cal combinations  —  a  point  which  will  become  clear  as  the  chapter  proceeds.  The  pur- 
pose of  Figure  5-3  is  to  illustrate  the  equivalence  of  the  system  busses  generated 
by  the  8085  and  the  8080A  without  indicating  that  creation  of  equivalent  busses 
is  desirable. 

The  8080A  signals  which  are  shown  as  having  direct  8085  equivalents  are  either  ob- 
vious, or  will  become  so  after  you  have  read  this  chapter. 

What  is  more  interesting  is  to  look  at  the  8080A  signals  which  no  longer  exist  and  the 
new  8085  signals  which  have  been  added. 

Let  us  first  look  at  the  signals  which  have  been  dropped. 

There  are  the  surplus  power  supplies  -5V  and  +1  2V,  plus  the  secondary  power  supplies 
required  by  the  8224  Clock  Generator  and  the  8228  System  Controller  Elimination  of 
these  signals  is  self-evident 

INTE  is  an  8080A  signal  that  indicates  to  external  logic  when  interrupts  have  or  have 
not  been  enabled  internally  by  the  8080A.  This  signal  is  not  very  useful  since  external 
logic  cannot  use  the  information  it  provides.  Apart  from  illuminating  an  appropriate  in- 
dicator on  a  minicomputer-like  control  panel,  the  INTE  signal  of  the  8080A  serves  little 
useful  purpose. 

WAIT  is  a  signal  which  is  output  high  by  the  8080A  while  Wait  states  are  being  in- 
serted within  a  machine  cycle.  There  is  little  that  external  logic  can  do  with  this  signal, 
therefore  its  elimination  in  the  8085  carries  no  penalty. 


BUSEN  is  a  control  input  to  the  8228  System  Controller;  it  causes  the  8228  to  float  its 
output  signals.  This  signal  is  no  longer  required  in  the  8085  since  the  Hold  state  floats 
all  equivalent  8085  output  signals  —  with  the  exception  of  INT  A,  which  does  not  need 
to  be  floated. 

The  8224  Clock  Generator  outputs  two  synchronizing  clock  signals — OSC  and  <f>2 
(TTL).  $2  (TTL)  is  approximately  reproduced  by  CLK;  OSC  has  no  equivalent  8085  sig- 
nal. 

The  TANK  input  to  the  8224  Clock  Generator  allows  overtones  of  the  external  crystal  to 
be  used.  No  such  signal  exists  with  the  8085  — which  simply  means  that  you  have  to 
use  the  primary  frequency  of  any  crystal  connected  across  the  X1  and  X2  inputs. 

Seven  new  signals  have  been  added  to  the  8085;  it  would  have  been  possible  to 
provide  separate  Data  and  Address  Busses  by  eliminating  these  seven  signals, 
plus  the  ALE  control  signal  whose  presence  is  a  direct  consequence  of  having 
multiplexed  Data  and  Address  Busses.  Intel  has  chosen  to  provide  the  seven  new  sig- 
nals, paying  the  price  of  having  multiplexed  Data  and  Address  Busses. 

Let  us  examine  the  new  signals. 

RST  5,5,  RST  6.5,  RST  7.5  and  TRAP  represent  additional  interrupt  request  inputs 
TRAP  is  a  non-maskable,  high  priority  interrupt;  the  other  three  interrupt  requests  are 
supported  by  hardware-implemented  vectoring. 

RESET  OUT  is  a  Reset  signal  output  by  the  8085;  it  may  be  used  to  reset  support 
devices  around  the  8085. 
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SID  and  SOD  are  control  signals  which  provide  a  primitive  serial  input  and  output 
capability.  These  signals  can  also  be  used  as  a  general  purpose  status  input  (SID)  and  a 
control  output  (SOD). 


8085  TIMING  AND  INSTRUCTION  EXECUTION 


An  8085  instruction's  execution  is  timed  by  a  sequence  of  machine  cycles,  each 
of  which  is  divided  into  clock  periods. 

An  instruction  is  executed  in  from  one  to  five  machine  cycles 
labeled  MC1,  MC2,  MC3,  MC4  and  MC5. 


The  first  machine  cycle  of  any  instruction's  execution  will  have 
either  four  or  six  clock  periods.  Subsequent  machine  cycles  will 
have  three  clock  periods  only.  This  may  be  illustrated  as  follows: 


8085 
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Where  MC  is  shaded,  the  entire  machine  cycle  is  optional.  When  T  is  shaded,  the  clock 
period  is  optional  within  its  machine  cycle. 

8085  machine  cycles  and  clock  periods  are  very  similar  to  those  of  the  8080A  You  will 
find  in  Table  5-1  that  the  number  of  clock  periods  required  to  execute  8085  instructions 
are  equal  to  clock  periods  required  by  the  8080A  to  execute  the  same  instruction,  or 
differ  by  one  clock  period  only. 

THE  CLOCK  SIGNALS 

The  8085  times  its  machine  cycles  using  this  simple  clock  signal: 
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Although  the  8085  has  no  SYNC  signal  to  identify  the  start  of  a  new  machine  cy- 
cle, you  can  use  the  8085  ALE  signal  for  the  same  purpose.  This  signal  is  output 
true  during  the  first  clock  period  of  every  machine  cycle  —  at  which  time  the 
ADO  -  AD7  lines  are  outputting  address  data.  In  addition  you  can  identify  the  first  {in- 
struction fetch)  cycle  of  any  instruction's  execution.  SO  and  S1  will  both  be  output  high 
during  an  instruction  fetch  machine  cycle.  Clock  periods  and  machine  cycles  may 
therefore  be  identified  as  follows: 


MC1 

MC2 

T1             I            T2 

T3            I             T4 

T1             1             T2 

I 

I 

1 
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MEMORY  ACCESS  SEQUENCES 

So  far  as  external  logic  is  concerned,  there  is  very  little  difference  between  an  in- 
struction fetch,  a  memory  read,  and  a  memory  write.  We  will  therefore  examine 
timing  for  these  operations  together. 


Figure  5-4.  A  Four  Clock  Period  Instruction  Fetch  Machine  Cycle 
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Figure  5-5.  A  Six  Clock  Period  Instruction  Fetch  Machine  Cycle 


Let  us  first  consider  an  instruction  fetch.  Timing  is  illustrated  in  Figure  5-4  for  a 
four  clock  period  machine  cycle,  and  in  Figure  5-5  for  a  six  clock  period  machine 
cycle. 

The  most  important  aspect  of  the  instruction  fetch  machine  cycle  is  the  fact  that  it  will 
have  either  four  or  six  clock  periods,  as  against  three  for  all  subsequent  machine  cycles. 
The  instruction  fetch  machine  cycle  must  have  at  least  four  clock  periods  since  the 
fourth  clock  period  is  needed  to  decode  the  instruction  object  code  which  has  been 
fetched  If  the  instruction  requires  no  subsequent  memory  accesses,  then  a  fifth  and 
sixth  clock  period  may  be  needed  to  perform  the  interna!  operation  specified  by  the 
fetched  instruction.  If  additional  memory  accesses  will  be  required,  then  the  fourth 
clock  period  of  the  first  machine  cycle  is  sufficient 

At  the  end  of  the  first  clock  period _AD0  -  AD7  is  floated  transiently;  then  it  is  turned 
around  to  act  as  a  Data  Input  Bus.  RD  is  pulsed  low  to  strobe  data  onto  the  Data  Bus. 

The  memory  read  must  occur  within  three  clock  periods.  Since  this  is  an  instruction 
fetch  machine  cycle,  the  CPU  will  place  the  input  in  the  Instruction  register.  If  external 
logic  requires  more  time  to  respond  to  the  memory  access,  then  it  can  generate  addi- 
tional Wait  clock  periods.  We  will  describe  the  8085  Wait  state  shortly. 

During  the  fourth  clock  period  of  the  instruction  fetch  machine  cycle  the  instruction  ob- 
ject code  is  interpreted  by  logic  of  the  8085  CPU.  Fifth  and  sixth  clock  periods  will  be 
required  by  some  instructions  to  execute  required  internal  operations. 
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During  the  fourth  and  subsequent  clock  periods  ADO  -  AD7  is  floated  and  A8  -  A1 5 
contains  unspecified  data. 


8085 
DEVICE 
SELECT 
LOGIC 


The  fact  that  ADO  -  AD7  and  A8  A1 5  are  unknown  data  dur- 
ing the  fourth  and  subsequent  clock  periods  of  an  instruction 
fetch  machine  cycle  must  be  taken  into  account  when  you 
create  memory  select  and  I/O  device  select  logic. 

In  Figures  5-4  and  5-5  SO  and  S1  are  both  high,  identifying  this  as 
an  instruction  fetch  machine  cycle.  I0/M  is  low  since  the  instruction  object  code  is  to 
be  fetched  from  memory.  An  instruction  fetch  is  thus  equivalent  to  a  memory  read. 
The  address  of  the  memory  location  to  be  accessed  is  fetched  from  the  Program 
Counter  (PC)  and  is  output  on  ADO  -  AD7  (low  order  byte)  and  A8-A15  (high  order 
byte)  The  low  order  byte  of  this  memory  address  is  stable  on  ADO  -  AD7  during 
the  first  clock  period.  ALE  is  pulsed  high  at  this  time  The  trailing  edge  of  ALE  is 
designed  to  actas  a  strobe  signal  which  external  logic  can  use  to  latch  the  low  order 
address  byte  off  ADO  -  AD7  If  you  are  using/one  of  the  8085  support  devices  (the 
8155,  the  8355  or  the  8755),  then  the  low  order  byte  of  the  memory  address  is 
latched  off  the  ADO  -  AD7  lines  for  you.  If  you  are  using  standard  memory  devices, 
then  you  must  demultiplex  ADO  -  AD7.  Any  simple  latched  buffer  can  be  used  for 
this  purpose;  here  is  an  example  of  the  8212  I/O  port  being  used  as  a  demultiplex- 
er: 
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Now  you  might  argue  that  there  is  no  harm  done  if  memory  or 
I/O  devices  select  themselves  when  the  System  Bus  is  sup- 
posed to  be  idle;  if  neither  the  read  nor  write  strobe  is  pre- 
sent, data  transfer  between  the  System  Bus  and  the  selected 
device  cannot  occur. 


MULTIPLE 
DEVICE 
SELECTS 
AND  BUS 
LOADING 


Unfortunately,  the  problem  is  not  so  simple. 

It  is  possible  for  more  than  one  memory  or  I/O  device  to  consider  itself  selected  while 
the  bus  is  idle;  this  may  occur  under  the  following  conditions: 

1 )  If  I/O  devices  are  being  selected  as  I/O  ports,  then  the  Address  Bus  lines  may  select 
an  I/O  port  while  simultaneously  selecting  a  memory  device 

2)  In  microcomputer  systems  that  use  only  a  small  portion  of  the  total  allowed  memo- 
ry—  and  most  microcomputer  systems  fall  into  this  category  —  memory  select 
logic  need  not  decode  unique  memory  addresses.  Here  is  an  example  of  two  4096- 
byte  memory  modules,  each  of  which  uses  a  single  line  of  the  Address  Bus  in  order 
to  create  device  selects: 


4> 
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•  A11 
'  A0 


-*a»~  )  Addre 
-#»~  )  Modul 


Address  to  Memory 

ile  1 


Address  to  Memory 
Module  2 


Memory  module  1  will  be  assigned  the  address  space  8000]  g  through  8FFF15  Memory 
module  2  will  be  assigned  the  address  space  4000] §  through  4FFF-j§  In  reality  a 
variety  of  other  addresses  will  select  memory  modules  1  or  2  Addresses  COOO-iq 
through  CFFF-jg  will  select  memory  modules  1  and  2 

A  correctly  written  program  will  keep  either  A1 5  or  A14  low,  but  while  the  System  Bus 
is  floating,  both  address  lines  could  be  high  —  in  which  case  both  memory  modules  will 
become  selected 

■3)  While  signal  levels  on  the  Address  Bus  are  changing  state,  memory  and  I/O  devices 
may  be  transiently  selected.  Transient  selection  may  occur  during  T1  as  well  as 
during  T4,  T5  and  T6.  Transient  selection  may  leave  more  than  one  memory  or  I/O 
device  simultaneously  selected  for  short  periods  of  time 

If  more  than  one  memory  or  I/O  device  is  simultaneously  selected,  excessive 
loads  may  be  placed  on  the  System  Bus.  At  best,  these  excessive  loads  will  cause 
devices  connected  to  the  System  Bus  to  temporarily  malfunction,  at  worst,  device 
failures  may  result 

It  is  very  important  to  prevent  devices  from  being  spuriously  selected. 
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The  simplest  way  of  preventing  memory  and  I/O  device  selection  is  to  use  10/M, 
RD  and  WR  as  contributors  to  device  select  logic: 
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■  Memory 

Select 
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Timing  for  the  memory  select  illustrated  above  may  be  illustrated 


as  follows: 
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I/O  device  select  logic  timing  differs  only  in  the  level  of  IO/M. 

IO/M  distinguishes  between  memory  and  I/O  devices.  When  RD  or  WR  is  low,  memory 
or  I/O  device  addresses  must  be  valid.  Thus  the  logic  illustrated  above  will  guarantee 
that  spurious  memory  and  I/O  device  selects  never  occur 

But  there  is  a  problem  associated  with  the  solution  illustrated;  memory  and  I/O  devices 
do  not  receive  a  valid  select  signal  until  early  in  the  second  clock  period.  This  is  unfortu- 
nate since  valid  addresses  are  available  early  in  the  first  clock  period.  Delaying  memory 
select  logic  until  the  second  clock  period  may  require  Wait  states  to  be  added  between 
clock  periods  2  and  3  —  and  that  unnecessarily  slows  down  CPU  operations.  If  execu- 
tion speed  is  not  a  problem  to  you,  then  the  simple  select  logic  illustrated  above  will  do. 
If  execution  speed  is  a  problem,  then  you  must  replace: 


O 


i  the  simple  select  logic  with  alternative  logic  that  may  be  defined  as  follows: 


5 
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The  required  S  output  may  be  generated  using  two  flip-flops  as  follows: 
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Figure  5-6,   A  Memory  Read  Machine  Cycle  Following  An  instruction  Fetch 
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Figure  5-7.  An  I/O  Read  Machine  Cycle  Following  An  Instruction  Fetch 


Let  us  now  consider  a  memory  read  operation;  timing  is  illustr        8085 
ated  in  Figure  5-6.  So  far  as  external  logic  is  concerned,  the  only       MEMORY 

difference  between  a  memory  read  and  an  instruction  fetch  is  the       READ 
SO  and  S1  signal  levels,  they  are  both  high  for  an  instruction  fetch       TIMING 
but  SO  is  low  during  a  memory  read.  Also,  the  instruction  fetch  has  """*"■ — " 

four  or  six  clock  periods  while  the  memory  read  has  three;  but  the  extra  instruction 
fetch  clock  periods  occur  after  the  memory  access  is  completed.  Therefore  so  far  as  ex- 
ternal logic  is  concerned,  the  extra  clock  periods  of  the  instruction  fetch  machine  cycle 
are  irrelevant 

Figure  5-7  illustrates  I/O  read  timing.  Only  the  IO/M  signal  level       8085  i/0 

in  Figure  5-7  differs  from  Figure  5-6  READ  TIMING 

Memory  write  timing,  illustrated  in  Figure  5-8,  is  very  similar 
to  memory  read  timing.  The  principal  difference  is  that  during  a 
memory  write  WR  is  output  low  whereas  during  a  memory  read 
"  RD  is  output  low.  Also,  during  a  memory  write  operation  SI  is  out- 
put low  while  SO  is  output  high. 

An  I/O  write  operation  is  illustrated  in  Figure  5-9.  As  compared  to 
Figure  5-8,  IO/M  is  high  in  Figure  5-9  during  the  write  machine  cy- 
cle; there  are  no  other  timing  differences. 
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Figure  5-8.  A  Memory  Write  Machine  Cycle  Following  An  Instruction  Fetch 
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Figure  5-9.  An  I/O  Write  Machine  Cycle  Following  An  Instruction  Fetch 

BUS  IDLE  MACHINE  CYCLES 

During  a  Bus  Idle  machine  cycle  no  control  signals  change 
state  on  the  System  Bus. 

There  are  three  types  of  Bus  Idle  machine  cycle: 

1}  An  instruction  fetch  Bus  Idle  machine  cycle  The  TRAP,  RST 
5-5,  RST  65  and  RST  7.5  instructions  are  interrupt 
acknowledge  instructions  whose  object  codes  are  created  by  logic  internal  to  the 
8085  CPU  chip.  No  external  instruction  fetch  operations  occur;  however  logic  inter- 
nal to  the  CPU  requires  time  to  create  the  instruction  object  code.  Therefore  a  Bus 
Idle  instruction  fetch  machine  cycle  is  executed  Timing  is  illustrated  in  Figure 
5- 1  7. 

2)  The  instruction  execute  Bus  Idle  machine  cycle.  Only  the  DAD  instruction  uses  this 
machine  cycle,  The  DAD  instruction  adds  the  contents  of  two  CPU  registers  to  two 
other  CPU  registers.  It  takes  six  clock  periods  for  logic  internal  to  the  8085  CPU  to 
complete  these  operations.  The  six  clock  periods  are  generated  via  two  instruction 
execute  r?nS  Idle  machine  cycles.  Timing  is  illustrated  in  Figure  5-10 

3)  The  Halt  Bus  idle  machine  cycle.  Following  execution  of  a  Halt  instruction  an  in- 
determinate number  of  Bus  Idle  machine  cycles  are  executed  for  the  duration  of  the 
Halt  condition  Timing  is  illustrated  in  Figure  5-14. 
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The  condition  of  the  EO/M,  S1  and  S2  signals  during  a  Bus  Idle  machine  cycle 
varies  with  the  type  of  Bus  Idle  machine  cycle.  These  three  signals  will  conform  to 
instruction  fetch  level  during  an  instruction  fetch  Bus  Idle  machine  cycle.  During  an  in- 
struction  execute  Bus  Idle  machine  cycle  Memory  Read  signal  levels  are  maintained, 
but  the  RD  control  signal  is  not  pulsed  low. 

During  a  Halt  Bus  Idle  machine  cycle  SO  and  S1  are  both  low  but  IO/M,  along  with  other 
tristate  signals,  is  floated. 


10/M 


Instruction  Fetch 


Figure  5-10.  A  Bus  Idle  Machine  Cycle  Following  An  Instruction  Fetch  During 
Execution  Of  A  DAD  Instruction 
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Figure  5-1 1.  Wait  States  Occurring  In  A  Memory  Read  Machine  Cycle 

THE  WAIT  STATE 

The  8085  will  insert  Wait  states  between  clock  periods  T2  and  T3  in  a  manner 
that  is  closely  analogous  to  the  8080A.  Timing  is  illustrated  in  Figure  511,  which 
shows  Wait  states  being  inserted  in  a  memory  read  cycle;  a  Wait  state  inserted  in 
any  other  memory  reference  or  I/O  machine  cycle  would  differ  only  in  the  levels  of 
control  signals. 

The  8085  samples  the  READY  line  during  12.  If  READY  is  low  during  12,  then  a  Wait 
clock  period  will  follow  T2.  The  READY  line  is  sampled  in  the  middle  of  each  Wait  clock 
period;  Wait  clock  periods  continue  to  be  inserted  until  READY  is  sampled  high.  As 
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soon  as  READY  is  sampled  high  the  next  clock  period  will  be  a  T3  clock  period  —and 
normal  program  execution  continues.  This  sampling  may  be  illustrated  as  follows: 


Wait  states  are  used  in  an  8085  system  exactly  as  described  for  the  8080A  in  Chapter 
4  — 10  gjve  S|ow  memorjes  ancj  i/o  devices  more  time  in  order  to  respond  to  an  access. 
Thus  the  discussion  of  Wait  states  provided  in  Chapter  4  applies  equally  to  the  8085. 

In  Chapter  4  a  pair  of  7474  flip-flops  are  shown  creating  a  low  READY  pulse  that  gener- 
ates a  single  Wait  state  in  a  memory  read  machine  cycle.  For  the  8085  the  following 
variation  applies: 
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THE  SID  AND  SOD  SIGNALS 

The  8085  has  two  instructions  which  handle  single  bit  data. 

The  RIM  instruction  inputs  data  from  the  SID  pin  to  the  high  order  bit  of  the  Ac- 
cumulator. The  SIM  instruction  outputs  the  high  order  bit  of  the  Accumulator  to 
the  SOD  pin. 

You  may  use  the  RIM  and  SIM  instructions  in  order  to  implement  a  primitive  serial  I/O 
capability.  A  more  useful  application  of  these  instructions  is  to  read  single  signal  status 
and  to  output  single  signal  controls. 

When  the  RIM  instruction  is  executed,  the  SID  signal  level  is  sampled  on  the  rising.edge 
of  the  clock  signal  during  clock  period  T3  of  the  instruction  fetch  machine  cycle.  The 
high  order  bit  of  the  Accumulator  is  modified  while  the  clock  signal  is  high  during  T1  of 
the  next  instruction  fetch  machine  cycle.  Timing  may  be  illustrated  as  follows: 
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When  an  SIM  instruction  is  executed,  the  actual  change  in  SOD  signal  level  does  not 
occur  until  T2  of  the  next  instruction  fetch  machine  cycle;  that  is  to  say  execution  of 
the  SIM  instruction  overlaps  with  the  next  instruction  fetch. 

This  may  be  illustrated  as  follows: 


Following  an  SIM  instruction  fetch,  the  high  order  bit  of  the  Accumulator  is  sampled 
while  the  clock  is  low  during  T1  of  the  next  instruction  fetch  machine  cycle.  During  the 
same  clock  period,  the  SOD  signal  level  is  modified  to  reflect  the  contents  of  the  high 
order  Accumulator  bit-  This  overlap  is  feasible  since  neither  the  SOD  signal  nor  the  Ac- 
cumulator contents  is  modified  while  an  instruction  is  being  fetched.  Note  that  SOD 
must  be  enabled  before  it  can  be  accessed  or  changed. 
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Figure  5-12  illustrates  SID  and  SOD  signal  timing  during  execution  of  a  RIM  in- 
struction followed  by  a  SIM  instruction. 
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Figure  5-12.  A  RIM  Instruction  Followed  By  A  SIM  Instruction 
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Figure  5-13.  A  Hold  State  Following  A  Single  Machine  Cycle  Instruction  Execution 

THE  HOLD  STATE 

The  8080A  and  the  8085  both  use  the  Hold  state  as  a  means  of  transiently  float- 
ing the  System  Bus.  During  a  Hold  external  logic  gains  bus  control,  usually  to  per- 
form direct  memory  access  operations. 

External  logic  requests  a  Hold  state  by  inputting  HOLD  high.  The  microprocessor  res- 
ponds by  entering  the  Hold  state  and  outputting  HLDA  high.  During  a  Hold  state  the 
microprocessor  floats  all  tristate  signals. 


5-27 


Both  microprocessors  initiate  the  Hold  state  at  the  conclusion  of  an  instruction's  execu- 
tion. But  there  are  significant  differences  between  Hold  state  initiation  logic  for  the 
8085  as  against  the  8080A 

The  8080A  initiates  a  Hold  state  following  T3  for  a  Read  machine  cycle,  or  following  T4 
for  a  Write  machine  cycle.  Timing  is  illustrated  in  Figures  4-9  and  4-10. 

The  8085,  in  contrast,  has  a  fixed,  two  machine  cycle  sequence  for  Hold  state  in- 
itiation; it  may  be  illustrated  as  follows: 


During  every  machine  cycle  Hold  is  sampled  during  T2;  if  Hold  is  high  at  this  time. 
Hold  acknowledge  is  output  high  during  T3  and  the  Hold  state  begins  during  T4. 
Timing  is  illustrated  in  Figure  5-13. 

During  a  six  clock  period  machine  cycle,  if  Hold  is  low  when  sampled  during  T2, 
then  Hold  will  be  sampled  again  during  T4.  If  Hold  is  sampled  high  during  T4,  then  a 
Hold  state  will  be  initiated  during  T6.  This  may  be  illustrated  as  follows: 


T, 


t5 


T6H 


I           J } 

/,      \{ 

I              I  ^/ 

I              I 

1                   1 

Hold  is  sampled  during  every  clock  period  of  a  Halt  state.  As  soon  as  Hold  is 
detected  high,  a  two  clock  period  Hold  state  initiation  sequence  begins.  Figures  5-14 
and  5-15  illustrate  the  onset  of  Hold  states  within  and  before  Halt  states. 

A  Hold  state  terminates  two  clock  periods  after  the  Hold  signal  goes  low. 

There  are  no  restrictions  placed  by  8085  logic  on  the  duration  of  a  Hold  state.  The  Hold 
state  lasts  for  as  long  as  the  HOLD  input  is  high.  Here  is  an  example  of  a  one  clock 
period  Hold  state  occurring  during  T4  and  a  three  clock  period  Hold  state  beginning 
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during  T6  of  a  six  clock  period  machine  cycle. 
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Figure  5-13  illustrates  a  Hold  state  lasting  three  clock  periods,  beginning  during  T4  of  a 
four  clock  period  machine  cycle. 

THE  HALT  STATE  AND  JNSTRUCTION 

When  a  Halt  instruction  is  executed,  the  8085  enters  a  Halt  state.  The  Halt  state 
consists  of  an  indeterminate  number  of  Halt  Bus  Idle  clock  periods  during  which 
the  S1  and  SO  status  signals  are  both  output  low  while  the  tristate  signals  are  flo- 
ated. 

Halt  state  timing  is  illustrated  in  Figure  5-14. 
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Figure  5-14    A  Halt  Instruction  And  A  Halt  State  Terminated  By  An  Interrupt  Request 
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A  Halt  state  may  be  terminated  by  a  system  reset  or  by  an  interrupt  request 
Figure  5-14  shows  an  interrupt  request  terminating  the  Halt  state. 

Note  that  the  INTR  signal,  like  the  HOLD  signal,  is  sampled  two  clock  periods  before 
anything  can  happen.  Thus,  as  illustrated  in  Figure  5-14,  an  additional  Halt  clock  period 
will  occur  after  the  clock  period  within  which  INTR  goes  high 
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Figure  5-1 5    Hold  States  Occurring  Within  A  Halt  State 

An  interrupt  request  will  only  be  executed  if  interrupts  are  enabled;  however  the  8085 
has  a  TRAP  non-maskable  interrupt.  Thus  you  can  always  exit  an  8085  Halt  state  via  a 
TRAP  interrupt  request,  or  by  resetting  the  system- 


While  in  a  Halt, state  you  can  enter  and  exit  the  Hold  state.  8085  HOLD 

Figure  5-15  illustrates  timing  for  the  Hold  state  existing  with-  WITHIN  A 

in  the  Halt  state.  Notice  that  the  Hold  state  only  lasts  for  as  long  HALT  STATE 

as  the  HOLD  input  is  kept  high.  ' 

Entering  a  Hold  state  within  a  Halt  state  also  prevents  you  from  terminating  the 
8085  Halt  state  with  an  interrupt  request;  this  is  because  a  HOLD  request  has 
priority  over  any  interrupt  request.  Thus  if  an  interrupt  request  occurs  while  the  8085  is 
entering  a  Hold  state,  or  is  in  a  Hold  state,  the  interrupt  request  will  be  ignored  until  the 
end  of  the  Hold  state.  At  that  time,  the  interrupt  request  will  be  acknowledged  —  pro- 
viding interrupts  are  enabled 

Resetting  the  8085  will  terminate  a  Halt  state  at  any  time,  whether  or  not  you  are 
in  a  Hold  state. 
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Externa!  acknowledged 
device  must  select 
itself  and  provide 
the  instruction  object 
code  before  1NTA  goes 
high 


Figure  5-16.  An  Interrupt  Being  Acknowledged  Using  A  Single  Byte  Instruction 
EXTERNAL  INTERRUPTS 

There  are  some  differences  between  the  interrupt  acknowledge  logic  of  the  8085 
as  compared  with  the  8080A;  however  the  8080A  interrupt  acknowledge  logic  is 
a  subset  of  8085  capabilities. 

Providing  a  valid  interrupt  request  has  been  applied  and  interrupts  are  enabled,  the 
8085  acknowledges  the  interrupt  request  on  terminating  execution  of  the  current 
instruction.  The  8085  then  executes  an  interrupt  acknowledge  machine  cycle. 
An  interrupt  acknowledge  machine  cycle  is  very  similar  to  a  six  clock  period  instruction 
fetch  machine  cycle;  however  during  the  interrupt  acknowledge  machine  cycle  the 
8085.  like  the  8080A,  anticipates  receiving  an  instruction  object  code  from  an  I/O 
device  —  presumably  the  device  whose  interrupt  request  is  being  acknowledged  Since 
an  I/O  device  is  supposed  to  provide  the  object_cpde  during_an  interrupt  acknowledge 
instruction  fetch,  INTA  is  pulsed  low  instead  of  RD.  Also,  IO/M  is  low.  Timing  is  illustr- 
ated in  Figure  5-16. 

Note  that  even  though  memory  is  not  being  accessed.  Program  Counter  contents 
are  output  on  the  Address  Bus  during  anjnterrugt  acknowledge  instruction  fetch; 
providing  memory  select  logic  uses  IO/M  and  RD,  no  harm  will  be  done  by  having 
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a  valid  address  on  the  Address  Bus  during  an  interrupt  acknowledge  instruction 
fetch. 

The  Program  Counter  contents  are  not  incremented  during  the  interrupt  acknowledge 
process. 


Note  that  the  interrupt  acknowledge  signal  INTA  serves  both  as  an  interrupt 
acknowledge  and  a  read  strobe.  Externa!  logic  must  use  INTA  both  as  a  device  select 
signal  and  a  strobe  signal  identifying  the  time  interval  during  which  the  interrupt 
acknowledge  instruction  code  must  be  placed  on  the  Data  Bus.  This  can  cause  a  timing 
problem  For  any  other  instruction  fetch,  the  trailing  edge  of  ALE  can  be  used  to  initiate 
device  select  timing;  thus  during  any  other  instruction  fetch  you  have  from  the  middle 
of  T1  until  the  middle  of  T2  to  resolve  the  device  select  and  wait  for  the  read  strobe.  But 
you  cannot  use  ALE  in  this  fashion  following  an  interrupt  acknowledge,  since  external 
logic  does  not  know  that  the  interrupt  has  been  acknowledged  until  INTA  goes  low.  On 
the  trailing  edge  of  ALE  during  an  interrupt  acknowledge  instruction  fetch  machine  cy- 
cle, the  Program  Counter  contents  are  being  output  on  the  Address  Bus  even  though 
this  address  is  irrelevant  You  must  therefore  use  INTA  as  a  signal  which  disables  all 
I/O  device  select  logic  with  the  exception  of  the  device  whose  interrupt  request 
is  being  acknowledged. 

You  may  well  have  to  insert  Wait  states  during  an  interrupt  acknowledge  instruc- 
tion  fetch  machine  cycle;  the  acknowledged  external  logic  has  the  duration  of  the  low 
INTA  pulse  within  which  it  must  resolve  its  select  logic  and  place  an  instruction  object 
code  on  the  Data  Bus 

You  can  use  the  low  INTA  pulse  to  create  a  low  READY  input  and  thus  insert  Wait 
states  between  clock  periods  T2  and  T3.  Using  a  320  nanosecond  clock,  you  have  50 
nanoseconds  within  which  to  generate  a  low  READY  input  from  the  low  INTA  output  — 
and  that  is  sufficient  time. 

Earlier  in  this  chapter  we  showed  you  how  you  can  create  a  one_clock  period  tow 
READY  pulse  using  two  7474  D-type  flip-flops.  The  OR  of  RD  and  IO/M  creates  the  D  in- 
put to  the  first  flip-flop.  You  can  use  these  same  two  flip-flops  to  create  a  low  READY 
pulse  following  an  interrupt  acknowledge  by  creating  the  first  D  input  as  follows: 


IO/M 


o 


?-> 


You  can  respond  to  an  interrupt  acknowledge  by  transmitting  any  instruction  ob- 
ject code  to  the  8085.  Usually  a  Restart  (RST)  or  a  Call  instruction  object  code  will 
be  transmitted. 

Figure  5-16  illustrates  timing  for  a  Restart  instruction  being  transmitted  following  an  in- 
terrupt acknowledge.  The  Restart  instruction  has  been  described  in  detail  in  Chapter  4 
together  with  circuits  which  allow  a  Restart  instruction  to  be  created. 

The  8085  contains  internal  logic  to  cope  with  multibyte  instruction  object  codes 

transmitted  during  the  interrupt  acknowledge  process.  During  the  second  and  third  in- 
struction fetch  machine  cycles  INTA  is  pulsed  low  while  IO/M  is  output  high.  Thus  res- 
ponding to  an  interrupt  acknowledge  with  a  Call  instruction  simply  involves  creating  a 
Call  instruction's  object  code. 

The  8085  has  four  interrupt  request  pins  which  the  8080A  does  not  have.  These 
are  TRAP/ RST  5.5,  RST  6.5  and  RST  7.5.  Interrupts  requested  via  these  pins 
cause  the  8085  to  generate  its  own  internal  interrupt  acknowledge  instruction. 
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The  internal  interrupt  acknowledge  instruction  results  in  subroutine  calls  to  the  follow- 
ing addresses: 

Interrupt  CALL  Address 

TRAP  2416 

RST5,5  2C16 

RST6.5  34t  6 

RST  7.5  3C16 

TRAP  is  a  non-maskable  interrupt. 

RST  5.5  and  RST  6.5  are  level  sensitive;  that  means  a  high  level  input  at  these  pins 
generates  an  interrupt  request 

RST  7.5  is  edge. sensitive;  an  interrupt  request  occurs  when  the  input  to  RST  7.5 
makes  a  low-to-high  transition. 

TRAP  is  both  level  and  edge  sensitive;  the  Sow-to-high  transition  and  the  subsequent 
high  level  generate  an  interrupt  request 

If  an  interrupt  request  is  generated  at  RST  7,5  by  a  low-to-high  transition,  the  8085  will 
remember  the  interrupt  request  whether  or  not  the  RST  7,5  input  remains  high.  You 
can  thus  generate  an  interrupt  request  via  RST  7.5  using  a  high  pulse. 

Since  you  can  request  an  interrupt  via  an  RST  7.5  low-to-high  transition,  the  RST 
7.5  interrupt  request  signal  itself  cannot  reset  the  interrupt  request.  This  may  be  il- 
lustrated as  follows: 

... y y 

Interrupt  New  interrupt  request 

request  only  if  previous 

request  has  been 

serviced 

You  need  not  terminate  service  of  an  RST  7.5  interrupt  request  by  executing  an 
SIM  instruction  with  bit  4  of  the  Accumulator  set  to  1 ;  this  is  done  automatically. 

A  low-to-high  transition  of  the  TRAP  input  creates  an  interrupt  request.  The  inter- 
rupt request  will  only  be  acknowledged  while  the  TRAP  input  remains  high;  however, 
once  a  TRAP  interrupt  request  has  been  acknowledged,  TRAP  must  go  low  and  then 
high  again  before*  another  interrupt  request  will  be  acknowledged. 
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Figure  5-17,  A  Bus  Idle  Instruction  Fetch  Machine  Cycle 

8085  interrupt  priorities  are  as  follows: 

Highest  HOLD 

TRAP 

RST  7  5 

RST  6  5 

RST  5  5 
Lowest  INTR 

The  8085  executes  an  instruction  fetch  Bus  idle  machine  cycle  after  acknowledg- 
ing a  TRAP,  RST  5.5,  RST  6.5  or  RST  7.5  interrupt  request.  Timing  is  given  in 
Figure  5-17. 

The  TRAP  interrupt  request  cannot  be  disabled. 

The  RST  5.5,  RST  6.5  and  RST  7.5  interrupt  requests  can  be  individually  enabled 
and  disabled  using  the  SIM  instruction.  All  interrupts  bar  the  TRAP  can  be  enabled 
and  disabled  via  the  El  and  Dl  instructions. 

You  may  at  any  time  examine  interrupt  enable/disable  status  by  executing  the 
RIM  instruction. 

The  RIM  and  SIM  instructions  are  described  in  detail  later  in  this  chapter. 

You  will  service  interrupts  in  an  8085  system  exactly  as  described  for  the  8080A 
system.  For  a  discussion  of  an  interrupt  acknowledge  see  Chapter  4. 

Remember  that  a  HOLD  request  has  priority  over  an  interrupt  request.  Thus,  an  in- 
terrupt will  not  be  acknowledged  while  a  Hold  state  exists  and  the  8085  will  respond  to 
a  HOLD  request  following  an  interrupt  acknowledge. 
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THE  RESET  OPERATION 

You  reset  an  8085  by  inputting  a  low  signal  via  RESET  IN. 

When  power  is  first  turned  on,  the  RESET  IN  pulse  must  last  at  least  500  nanose- 
conds  (3  full  clock  cycles);  no  further  requirements  are  imposed  on  the  RESET  IN 
signal.  Logic  internal  to  the  8085  will  synchronize  the  RESET  IN  pulse  with  the  in- 
ternal clock.  Timing  for  a  Reset  following  a  power  up  is  given  in  Figure  518. 
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Figure  5-18.  Power  On  And  RESET  IN  Timing  For  The  8085 

Notice  that  a  RESET  OUT  signal  is  provided.  You  can  use  this  signal  to  reset  other 
devices  in  the  8085  microcomputer  system.         ._._: . 

When  the  8085  is  reset  the  following  events  occur: 

1)  The  Program  Counter  is  cleared;  thus  the  first  instruction  executed  following  a 
reset  must  have  its  object  code  stored  in  memory  location  0. 

2)  The  Instruction  register  is  cleared. 

3)  Interrupts  are  disabled. 

4)  The  RST  7.5,  RST  6.5  and  RST  5.5  interrupts  are  masked  out  and  thus  disabled. 

5)  All  tristate  bus  lines  are  floated. 
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Table  5-1    A  Summary  Of  8085  Instruction  Object  Codes  And  Execution  Cycles 


INST 
ACI 

RUCTION 

OBJECT  CODE 

BYTES 

CLOCK  PERIODS 

MACHINE  CYCLES 

8080A 

8085 

DATA 

CE     YY 

2 

7 

7 

1  3 

ADC 

REG 

10001XXX 

1 

4 

4 

1 

ADC 

M 

8E 

1 

7 

7 

1  3 

ADD 

REG 

10000XXX 

1 

4 

4 

1 

ADD 

M 

86 

1 

7 

7 

1  3 

ADI 

DATA 

C6     YY 

2 

7 

7 

1  3 

ANA 

REG 

10100XXX 

1 

4 

4 

1 

ANA 

M 

A6 

1 

7 

7 

1  3 

ANI 

DATA 

E6     YY 

2 

7 

7 

1  3 

CALL 

LABEL 

CD     ppqq 

3 

17 

18 

23355 

CC 

LABEL 

DC     ppqq 

3 

11/17 

9/18 

2  3,  2  3  3  5  5 

CM 

LABEL 

FC     ppqq 

3 

11/17 

9/18 

2  3,  2  3  3  5  5 

CMA 

2F 

1 

4 

4 

1 

CMC 

3F 

1 

4 

4 

1 

CMP 

REG 

10111XXX 

1 

4 

4 

1 

CMP 

M 

BE 

1 

7 

7 

1  3 

CNC 

LABEL 

D4     ppqq 

3 

11/17 

9/18 

2  3,23355 

CNZ 

LABEL 

C4     ppqq 

3 

11/17 

9/18 

2  3,  2  3  3  5  5 

CP 

LABEL 

F4     ppqq 

3 

11/17 

9/18 

2  3,  2  3  3  5  5 

CPE 

LABEL 

EC     ppqq 

3 

11/17 

9/18 

2  3.233  5-5 

CPI 

DATA 

FE     YY 

2 

7 

7 

13 

CPO 

LABEL 

E4     ppqq 

3 

11/17 

9/18 

2  3,  2  3  3  5  5 

CZ 

LABEL 

CC     ppqq 

3 

11/17 

9/18 

2  3,23  355 

DAA 

27 

4 

4 

1 

DAD 

RP 

00XX100! 

10 

10 

177 

DCR 

REG 

00XXX101 

5 

4 

1 

DCR 

M 

35 

10 

10 

1  35 

DCX 

RP 

00XX1011 

5 

6 

2 

Dl 

F3 

4 

4 

1 

E! 

FB 

4 

4 

1 

HLT 

76 

4 

4 

1 

IN 

PORT 

DB     YY 

2 

10 

10 

134 

INR 

REG 

OOXXX100 

5 

4 

1 

INR 

M 

34 

10 

10 

135 

INX 

RP 

00XX0011 

5 

6 

2 

JC 

LABEL 

DA     ppqq 

3 

10 

7/10 

1  3,  1  3  3 

JM 

LABEL 

FA     ppqq 

3 

10 

7/10 

1  3,  1  3  3 

JMP 

LABEL 

C3     ppqq 

3 

10 

10 

1  33 

JNC 

LABEL 

D2     ppqq 

3 

10 

7/10 

13.  13  3 

JNZ 

LABEL 

C2     ppqq 

3 

10 

7/10 

1  3,  1  3  3 

JP 

LABEL 

F2     ppqq 

3 

10 

7/10 

1  3,  1  3  3 

JPE 

LABEL 

EA     ppqq 

-   3 

10 

7/10 

1  3,  1  3  3 

JPO 

LABEL 

E2     ppqq 

3 

10 

7/10 

13,  1  33 

JZ 

LABEL 

CA     ppqq 

3 

10 

7/10 

1  3,  1  3  3 

LDA 

ADDR 

3A     ppqq 

3 

13 

13 

1333 

LDAX 

RP 

000X1010 

1 

7 

7 

13 

LHLD 

ADDR 

2A     ppqq 

3 

16 

16 

13  3  3  3 

Machine  cycle  types: 

1  -  Four  clock  period  instruction  fetch  (Figure  5-4) 

2  -  Six  clock  period  instruction  fetch  (Figure  5-5) 

3  -  Memory  read  (Figure  5-6) 

4  -  I/O  read  (Figure  5-7) 

5  -  Memory  write  (Figure  5-8) 

6  -  I/O  write  (Figure  5-9) 
7 -Bus  idle  (Figure  5-10) 
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Table  5-1.  A  Summary  Of  8085  Instruction  Object  Codes  And  Execution  Cycles 

(Continued) 


CLOCK  PERIODS 

INSTRUCTION 

OBJECT  CODE 

BYTES 

■       MACHINE  CYCLES 

8080A 

8085 

LXI 

RP,DATA16 

0OXXO001 
YYYY 

3 

10 

10 

1  33 

MOV 

REG.REG 

Oldddsss 

1 

5 

4 

1 

MOV 

M.REG 

01110sss 

1 

7 

7 

1  5 

MOV 

REG,M 

01ddd110 

1 

7 

7 

1  3 

MVI 

REG,DATA 

00ddd110 
YY 

2 

7 

7 

1  3 

MVI 

M.DATA 

36     YY 

2 

10 

10 

1  35 

NOP 

00 

4 

4 

1 

ORA 

REG 

10110XXX 

5 

4 

1 

ORA 

M 

B6 

7 

7 

1  3 

ORI 

DATA 

F6     YY 

7 

7 

1  3 

OUT 

PORT 

D3     YY 

10 

10 

1  36 

PCHL 

E9 

5 

6 

2 

POP 

RP 

11XX0001 

10 

10 

1  33 

PUSH 

RP 

11XX0101 

11 

12 

2  55 

RAL 

17 

4 

4 

1 

RAR 

1F 

4 

4 

1 

RC 

D8 

5/11 

6/12 

2,2  33 

RET 

C9 

10 

10 

1  33 

RIM 

20 

4 

1 

RLC 

07 

4 

4 

1 

RM 

F8 

5/11 

6/12 

2,2  33 

RNC 

DO 

5/11 

6/12 

2.2  33 

RNZ 

CO 

5/11 

6/12 

2,233 

RP 

FO 

5/11 

6/12 

2,233 

RPE 

E8 

5/11 

6/12 

2,2  33 

RPO 

EO 

5/11 

6/12 

2,2  33 

RCC 

OF 

4 

4 

1 

RST 

N 

11XXX111 

11 

12 

233 

RZ 

C8 

5/11 

6/12 

2,2  33 

SBB 

REG 

10011 XXX 

4 

4 

1 

SBB 

M 

9E 

7 

7 

1  3 

SBt 

DATA 

DE     YY 

7 

7 

1  3 

SHLD 

ADDR 

22     ppqq 

16 

16 

13355 

SIM 

30 

4 

1 

SPHL 

F9 

5 

6 

2 

STA 

ADDR 

32     ppqq 

13 

13 

1  335 

STAX 

RP 

000X0010 

7 

7 

1  5 

STC 

37 

4 

4 

1 

SUB 

REG 

10010XXX 

4 

4 

1 

SUB 

M 

96 

7 

7 

1  3 

SUI 

DATA 

D6     YY 

7 

7 

1  3 

XCHG 

EB 

4 

4 

1 

XRA 

REG 

10101XXX 

4 

4 

'     1 

XRA 

M 

AE 

7 

7 

1  3 

XRi 

DATA                         EE     YY 

2 

7                    7 

1  3 

XTHL 

1        -         1    ' 

18        J        16 

13355 

ppqq 

represents  four  hexadecimal  digit  memory  address 

YY 

represents  two  hexadecimal  data  digits 

YYYY 

represents  four  hexadecimal  data  digits 

X 

represents  an  optional  binary  digit 

ddd 

represents  opt 

onal  binary  digits  ide 

ntifving  a  d 

9Stination  re 

oister 

sss  represents  optional  binary  digits  identifying  a  source  register 
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THE  8085  INSTRUCTION  SET 


There  are  just  three  differences  between  the  8085  and  the  8080A  instruction 
sets: 

1)  The  8085  has  two  additional  instructions  —  RIM  and  SIM. 

2)  The  number  of  clock  periods  required  to  execute  instructions  differs  in  some  cases; 
Table  5-1  summarizes  these  differences. 

3}     Following  a  Halt  instruction's  execution,  the  8085  floats  tristate  bus  lines  in  the 
ensuing  Halt  state;  the  8080A  does  not, 

Because  the  8085  and  8080A  instruction  sets  are  so  similar/  the  same  benchmark 
program  applies  to  both  microprocessors.  Refer  to  Chapter  4  for  a  discussion  of  this 
benchmark  program. 

Refer  to  Table  4-4  for  a  summary  of  the  8085  instruction  set.  The  only  two  8085 
instructions  not  present  in  Table  4-4  are  the  RIM  and  SIM  instructions. 

When  the  RIM  instruction  is  executed,  the  following  data  is  loaded  into  the  Accumula- 
tor; 


7    6    5    4    3    2     10 


D- 


•  Bit  No. 

■  This  data  is  loaded  into  the  Accumulator 


■RST  5.5  interrupt  mask 

•  RST  6.5  interrupt  mask 

-  RST  7.5  interrupt  mask  , 

-  Master  interrupt  enable 

»  RST  5,5  interrupt  status  \ 
■  RST  6.5  interrupt  status 

-  RST  7.5  interrupt  status  J 

*  SID  signal  level 


0  =  unmasked 

1  =  masked 

1  =  enabled 

0  =  disabled 

1  =  request  pending 
G  =  no  request 


Thus,  the  RIM  instruction  allows  you  to  examine  interrupt  and  external  status. 

When  the  SIM  instruction  is  executed  the  contents  of  the  Accumulator  are  interpreted 
as  follows: 

-  Bit  No. 

-  This  data  must  already  be  in  the  Accumulator 


<t  ii       j i  j i  a  it 


^ 


—  enable 

=  disable 


-RST  5.5  mask 

-  RST  6.5  mask 

-  RST  7.5  mask  , 

-  0  =  ignore  bits  0,  1  and  2 

1  =  mask  as  per  bits  0,  1  and  2 
»  1  =  reset  RST  7.5  latch  so  a  leading  edge  will  cause  another 
interrupt  request 

-  0  =  disable  serial  data  out 
1  =  enable  serial  data  out 

-This  bit  is  transmitted  to  SOD  pin  if  bit  6  is  1 


Thus  the  SIM  instruction  is  used  to  selectively  mask  interrupts  and  to  output  a  control 
signal  via  the  SOD  pin. 

Note  that  if  bit  6  of  the  Accumulator  is  0  when  the  SIM  instruction  is  executed,  then  the 
contents  of  bit  7  will  not  be  transferred  to  the  SOD  pin. 
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From  our  discussion  of  the  8085  reset  recall  that  following  a  reset  RST  5.5,  RST  6.5  and 
RST  7  5  are  all  disabled;  also,  reset  sets  the  SOD  output  to  0.  Thus,  following  a  reset  an 
RIM  instruction  would  input  the  following  data  to  the  Accumulator: 

7    6    5    4     32     1     0  ~^ Bit  No. 

RIM    I      1      I      I      I  0  |  1  1  1  |  V  \~* Data  loaded  to  the  Accumulator 


-■  Mask  1  bits  disable  interrupts 
RST  7.5,  RST  6.5  and  RST  5.5 

-  Master  interrupt  is  disabled 

-  These  bits  reflect  the  state  of  the 
RST  7.5,  RST  6.5  and  RST  5.5  inputs 

*  This  bit  -reflects  the  SID  signal  level 


8085  MICROPROCESSOR  SUPPORT  DEVICES 

The  8085  has  three  special  purpose  multifunction  support  devices;  they  are  de- 
scribed in  this  chapter. 

Providing  you  demultiplex  the  Address  and  Data  busses  of  the  8085,  you  can  use 
any  of  the  8080A  support  devices  described  in  Chapter  4  with  the  8085. 

THE  8155/8156  STATIC  READ/WRITE  MEMORY 
WITH  I/O  PORTS  AND  TIMER 

The  8155  is  a  custom  circuit  designed  specifically  for  the  8085  microprocessor. 
This  device  provides  256  bytes  of  static  read/write  memory,  two  or  three  parallel 
I/O  ports  and  a  programmable  timer. 

Figure  5-19  illustrates  that  part  of  general  microcomputer  system  logic  which  has 
been  implemented  on  the  8155  device. 

Figure  5-20  provides  a  functional  diagram  of  8155  logic. 

The  8155  device  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  -I-5V  power  supply. 
All  inputs  and  outputs  are  TTL  compatible. 

8155  DEVICE  PINS  AND  SIGNALS 

8155  pins  and  signals  are  illustrated  in  Figure  5-21.  Signals  may  be  divided  into 
the  following  categories: 

1)  CPU  interface  and  control 

2)  Parallel  I/O 

3)  Programmable  Timer 

We  will  first  consider  CPU  interface  and  control  signals. 

ADO  -  AD7  connect  to  a  bidirectional,  multiplexed  Data  and  Address  Bus.  As  il- 
lustrated in  Figure  5-22,  these  pins  connect  to  the  ADO  -  AD7  bus  lines  output  by  the 
8085  microprocessor. 

ALE  is  the  Address  Latch  Enable  control  signal  output  by  the  8085  microprocessor  to 
identify  addresses  on  the  multiplexed  Data  and  Address  Bus, 

The  8155  device  has  both  a  memory  space  and  an  I/O  address  space.  When  IO/M  is 
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high,  I/O  port  addresses  are  decoded  off  ADO  -  AD7  on  the  high-to-low  transition  of 
ALE;  this  may  be  illustrated  as  follows: 


io/m 


When  IO/M  is  low,  the  address  strobed  off  ADO  -  AD7  is  interpreted  as  a  memory 
address. 

CE  is  active  high  in  the  8156  device;  it  is  active  low  in  the  8155.  There  is  no  other 
difference  between  the  8155  and  8156  devices. 

The  8155  device  uses  standard  8085  control  signals  on  its  CPU  interface.  These 
signals  are  RD,  WR,  ALE  and  IO/M.  Refer  to  the  description  of  these  control  signals 
given  in  the  8085  section  of  this  chapter 


io/m- 


CE- 
ALE' 

r5- 

WR  - 
RESET  ■ 


TIMER  OUT  -^ 


c 

=> 

256x8 

STATIC 

RAM 

TIMER 

A 
B 
C 

CO 

c^> 

♦  '■ 

♦ 

PCO  -  PC7 


VCC(  +  5V) 
VSS  <0V> 


Figure  5-20.  Logic  Functions  Of  The  8155  Device 
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PIN  NAME  DESCRIPTION  TYPE 

ADO  -  AD7  Multiplexed  Address  and  Data  Bus  Bidirectional 

PAO  -  PA7  Eight  I/O  pins,  designated  as  Port  A  Bidirectional 

PBO  -  PB7  Eight  I/O  pins,  designated  as  Port  B  Bidirectional 

PCO  -  PC5  Six  I/O  pins,  designated  as  Port  C  Bidirectional 

RD_  Read  from  device  control  Input 

WR_  Write  to  device  control  Input 

IO/M  t/O  ports  or  memory  select  Input 

ALE  Address  latch  enable  Input 

RESET  System  reset  Input 

CE  Chip  enable  Input 

TIMER  IN  Timer  clock  Input 

TIMER  OUT  Timer  output  signal  Output 

VSS  VCC  Ground,  Power 

Figure  5-21    8155  Multifunction  Device  Signals  And  Pin  Assignments 


-6^0- 


ALE 

RD 

WR 

IO/M 

RESET  OUT 


Device 
Select 
Logic 


c 


:> 


ALE 
RD 

WR_ 
IO/M 
RESET 


Q  pco  -  pcb\ 

q  pbo  -  pb7  y 


Figure  5-22    An  8155  Device  Connected  To  An  8085  CPU  Bus 
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Table  5-2.  8155  Device  Port  C  Pin  Options 


Pin 

ALT  1 

ALT  2 

ALT  3 

ALT  4 

PCO 

Input  Port 

Output  Port 

A  INTR  (Port  A  Interrupt) 

A  INTR  (Port  A  Interrupt) 

PC1 

Input  Port 

Output  Port 

A  BF  (Port  A  Buffer  Full) 

A  BF  (Port  A  Buffer  Full) 

PC2 

Input  Port 

Output  Port 

A  STB  (Port  A  Strobe) 

A  STB  (Port  A  Strobe) 

PC3 

Input  Port 

Output  Port 

Output  Port 

B  INTR  (Port  B  Interrupt) 

PC4 

Input  Port 

Output  Port 

Output  Port 

B  BF  (Port  B  Buffer  Full) 

PC5 

Input  Port 

Output  Port 

Output  Port 

B  STB  (Port  B  Strobe) 

8155 

DEVICE 

RESET 


The  8155  device  is  reset  by  a  high  input  at  the  RESET  pin  The 
Reset  operation  does  not  clear  memory  or  I/O  locations  within 
the  8155  device.  Thus  all  memory  locations  contain  zero,  I/O 
ports  are  assigned  to  input  mode  and  the  Counter/Timer  is  stop- 
ped with  an  initial  zero  value. 

8155  PARALLEL  INPUT/OUTPUT 

The  interface  presented  by  the  8155  device  to  external  logic  consists  of  three  I/O 
ports  and  two  signals  associated  with  Counter/Timer  logic. 

We  will  examine  the  I/O  port  logic  and  then  the  Counter/Timer  logic. 

I/O  Ports  A  and  B  are  8-bit  parallel  ports;  each  may  be  defined  as  an  input  port  or  an 
output  port 

I/O  Port  C  is  a  6-bit  parallel  I/O  port;  it  may  be  used  to  input  or  output  parallel  data,  or 
Port  C  pins  may  support  handshaking  control  signals  for  Ports  A  and  B.  Table  5-2 
defines  the  four  ways  in  which  I/O  Port  C  may  be  used. 

When  I/O  Ports  A  and  B  are  used  for  simple  parallel  input  or 
output,  then  their  operation  is  identical  to  Mode  0  as  de- 
scribed in  Chapter  4  for  the  8255  PPI.  Handshaking  mode  is 
identical  to  8255  Mode  1.  We  will  therefore  discuss  8155  input 
and  output  with  handshaking  briefly.  For  a  more  detailed  discus- 
sion refer  to  the  8255  PPI  description  given  in  Chapter  4. 

Input  with  handshaking  may  be  illustrated  as  follows: 


8155  I/O 
MODEO 


8155  1/0 
MODE  1 


=3 


£ 


An  event  sequence  begins  with  external  logic  inputting  parallel  data  to  I/O  Port  A  or  B; 
external  logic  must  pulse  STROBE  low,  at  which  time  the  parallel  data  is  loaded 
into  the  I/O  port  buffer.  This  causes  BF,  the  Buffer  Full  signal,  to  go  high. 

External  logic  uses  the  BF  signal  as  an  indicator  that  no  more  data  can  be  written. 

As  soon  as  the  externally  provided  low  STROBE  pulse  is  over  the  interrupt  request  sig- 
nal INTR  goes  high.  This  allows  the  8085  to  be  interrupted  once  data  has  been  loaded 
into  the  input  buffer  of  the  I/O  port 

BF  and  INTR  remain  high  until  the  CPU  reads  the  contents  of  the  I/O  port  The  read 
operation  will  be  identified  by  a  low  RD  pulse  input  to  the  81 55  device.  INTR  is  reset  at 
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the  beginning  of  the  RD  pulse  while  BF  is  reset  at  the  end  of  the  RD  pulse.  BF  therefore 
is  high  while  data  is  waiting  to  be  read  and  while  data  is  being  loaded  into  the  I/O  port 
buffer  or  read  out  of  the  I/O  port  buffer.  INTR  is  high  only  while  data  is  waiting  to  be 
read. 

BF  and  INTR  have  associated  bits  in  the- Status  register  of  the  8155  device. 

You  connect  INTR  to  an  8085  interrupt  request  if  you  want  an  interrupt-driven 
system.  You  write  a  program  which  polls  the  Status  register  of  the  8155  if  you 
want  to  operate  the  system  under  program  control. 

Strobed  output  timing  may  be  illustrated  as  follows: 


^ 


=2 


In  output  mode  the  I/O  port  buffer  is  initially  empty  which  means  that  the  CPU  must 
transmit  data  to  the  I/O  port.  Therefore  INTR  is  initially  high. 

As  soon  as  the  CPU  writes  data  to  the  I/O  port  the  interrupt  request  signal  INTR  is  reset 
low;  this  occurs  on  the  leading  edge  of  the  WR  pulse.  On  the  trailing  edge  of  the  WR 
pulse  BF  is  output  high  telling  external  logic  that  data  is  in  the  I/O  port  buffer  and 
may  be  read. 


External  logic  strobes  the  data  out  by  providing  a  low  pulse  at  STROBE.  The  lead- 
ing edge  of  STROBE  resets  BF  low  while  the  trailing  edge  of  STROBE  sets  INTR  high, 
causing  the  CPU  to  again  output  parallel  data. 

You  connect  INTR  to  an  appropriate  8085  interrupt  request  pin  if  you  want  an  in- 
terrupt-driven system.  You  write  a  program  to  poll  the  Status  register  if  you  want 
to  operate  the  8155  under  program  control. 

A  simple  method  of  using  the  8155  device  parallel  input/output  with  handshaking  in 
interrupt  mode  would  be  to  connect  INTRA  and  INTRB  to  RST  5.5  and  RST  6.5. 

8155  DEVICE  ADDRESSING 

Having  discussed  81 55  device  memory  and  I/O  ports,  we  must  now  look  at  device 
addressing. 

The  8155  has  256  bytes  of  static  read/write  memory  which  are  addressed  by 
ADO  -  AD7  while  CE  is  true  and  I0/M  equals  0. 
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The  8155  has  eight  addressable  I/O  ports   ADO,  AD1   and  AD2    18155 
select  I/O  ports  while  CE  is  true  and  IO/M  equals  1   These  are  the    I I/O  PORT 
eight  addressable  I/O  ports:  1  ADDRESSES 


vD2 

AD1 

ADO 

PORT 

0 
0 

0 
0 

0 
1 

Status/Command  registers 
Port  A 

0 

1 

0 

Port  B 

0 

1 

1 

Port  C 

1 
1 
1 

0 
0 
1 

0 
1 
0 

Counter/Timer  register,  low  order  byte 
Counter/Timer  register,  high  order  byte 
Unused 

1 

1 

1 

Unused 

CE  is  derived  from  A8  -  A1 5,  which  holds  the  high  order  byte  of  a  memory  address,  or 
the  I/O  device  number.  CE  thus  defines  the  exact  address  and  I/O  space  for  the 
8155  device.  Here  is  one  possible  configuration: 


A12. 
A11  . 
A10. 

A9  . 

A8. 


These  lines 
•  contribute 
toCE 

These  lines 
are  ignored 


f^0 


>J 


|0|l|l|0|O|N|N|N|X|X|X|X|X|X|xT>n 


■  Valid  memory  addresses 


ADO  -  AD7.  X  can  be  0  or  1 


These  bits  are  ignored.  They  may  have 
any  value. 

8155  memory  bytes  will  be  selected  by  any  memory  addresses  in  the  range  6NOO16 
through  6NFF-J6.  N  represents  any  digit  in  the  range  0  through  7.  Let  us  assume  that 
programs  access  8155  memory  bytes  via  addresses  in  the  range  6000-|g  through 
60FFie;  we  must  further  assume  that  addresses  created  by  values  of  N  in  the  range  1 
through  7  never  occur. 

Now  the  same  chip  select  that  you  use  to  define  your  memory  address  space  is 
also  going  to  define  your  I/O  address  space.  Recall  that  the  8-bit  I/O  device  number  is 
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output  twice  following  execution  of  an  I/O  instruction  — once  on  the  high  order  eight 
address  lines  A8  -  A15  and  again  on  the  low  order  Address/Data  Bus  lines  ADO  -  AD7. 
Thus  the  device  select  code  which  you  generate  from  the  eight  high  order  address  lines 
for  a  memory  address  is  the  same  device  select  code  which  you  generate  for  the  8155 
I/O  space. 

But  whereas  the  81 55  has  256  addressable  memory  locations,  it  has  eight  addressable 
I/O  ports;  I/O  ports  are  selected  as  follows: 


7    6    5    4    3     2    1     0- 
|X1X|X|X|X|Y|V|.7| 


ii  II 


Bit  No. 

■  I/O  Port  Number 

■  ADO 

-  AD1 

-  AD2 

■  CE 


If  CE  is  true  when  A15  -  A1 1  is  01 1002,  then  I/O  port  addresses  will  be  60-|6  through 
6716- 

Address  lines  A15  -  A1 1  represent  I/O  device  number  bits  7  through  3.  This  is  because 
the  I/O  device  number  is  output  on  A15  -  A8  following  execution  of  an  I/O  instruction. 
It  is  therefore  fortunate  that  we  only  used  address  lines  A15  -  A1-1  to  create  CE.  Had  we 
used  A8,  A9  or  A10,  the  low  order  three  I/O  device  code  bits  would  have  served  double 
purpose — with  strange  results. 

Suppose  A10  =  0  is  a  prerequisite  for  device  select  logic  to  be  true;  these  are  the 
memory  and  I/O  port  selects  which  will  result: 


Memory 
Address 


I/O  Port 
Address 


}5  14  13  12  11    10   9     8 


|0|l|l|0|0|0|N|N|X|X|X|X|X|X|xTx1|OH|l|0|0|0|X|X| 


You  can  now  address  only  four  of  the  eight  81 55  I/O  Ports.  You  cannot  include  ad- 
dress lines  A8,  A9  or  A10  in  the  device  select  logic  that  you  use  for  any  8155 
device;  if  you  do  you  will  limit  the  I/O  capabilities  of  the  device. 

If  you  have  an  8155  device  present  in  an  8085  microcomputer  system,  then 
unless  you  include  special  device  select  logic  you  will  be  limited  to  a  total  memo- 
ry address  space  of  8192  bytes.  For  example,  the  device  select  code  we  have  been 
using  thus  far  in  our  illustrations  will  cause  the  8155  device  to  respond  not  only  to  the 
addresses  6000-)6  through  6OFF16,  but  also  to  these  other  addresses: 

610016-61FF16 
620.0i6-62FFi6 
630016-63FF16 
6400i6-64FFie 
6500-]6~65FFi6 
660016~66FF16 
6700ie -67FF1  e 
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10/M 


Select  00 
through  07 


Figure  5-23.  Select  Logic  To  Disconnect  Memory  And  I/O  Device  Spaces  In  An  8155 

Device 

Thus  the  8155  device  will  consume  eight  times  as  much  memory  address  space  as  it 
has  memory  bytes;  you  cannot  touch  three  of  the  address  lines  when  creating  your 
device  select  logic  since  these  three  address  lines  also  select  individual  I/O  ports. 

If  you  wish  to  use  8155  devices  and  a  maximum  of  8192  memory  bytes  is  in- 
tolerable, then  you  must  create  a  chip  enable  signal  which  is  the  OR  of  separate 
memory  and  I/O  enables.  Figure  5-23  illustrates  a  chip  select  circuit  which  will 
allow  an  8155  device  to  be  selected  by  memory  addresses  OOOOig  through  00FF-|g 
while  I/O  ports  are  selected  by  addresses  00 ]q  through  07 -jq. 

The  logic  in  Figure  5-23  creates  a  low  true  Master  chip  select  as  the  AND  of  separate 
low  true  memory  and  I/O  device  select.  The  separate  low  true  memory  and  I/O  device 
selects  are  each  generated  as  the  NAND  of  a  Master  Select  (S),  IO/M  and  an  Address 
Bus  decode. 

The  Master  Select  (S)  has  been  described  earlier  in  this  chapter;  its  purpose  is  to  enable 
device  selects  only  between  the  high-to-low  transition  of  ALE  and  low-to-high  transi- 
tion of  RD  or  WR. 

IO/M  discriminates  between  execution  of  I/O  instructions  and  memory  reference  in- 
structions. 
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Address  decode  logic  in  this  instance  is  very  simple.  I/O  devices  are  selected  by  low 
levels  on  the  high  order  five  address  lines  A1 1  -  A15;  remember,  these  are  also  the  five 
high  order  I/O  device  address  lines.  Memory  is  selected  by  low  levels  on  the  eight  high 
order  address  lines  A8  -  A15. 

THE  8155  COUNTER/TIMER 

Counter/Timer  logic  consists  of  a  16-bit  register,  addressed  as  two  8-bit  I/O  ports, 
an  input  clock  signal  and  an  output  timer  signal.  This  may  be  illustrated  as  follows: 


Initial  Timer  constant 
Timer  mode 


The  low  order  14  bits  of  the  Counter/Timer  register  must  be  initialized  with  a  14- 
bit  binary  value  that  will  decrement  on  low-to-high  transitions  of  TIMER  IN.  If 

TIMER  IN  is  connected  to  the  8085  clock  output  signal  CLK,  then  the  timer  is  comput- 
ing real  time,  TIMER  IN  can  alternatively  be  connected  to  any  external  logic  in  which 
case  the  timer  is  counting  external  events. 

The  timer  times  out  when  it  decrements  to  zero. 

The  two  high  order  bits  of  the  Counter/Timer  register  define  one  of  four  ways  in 
which  the  TIMER  OUT  signal  may  be  created. 

In  Mode  0  TIMER  OUT  is  high  for  the  first  half  of  the  time  interval 
and  low  for  the  second  half  of  the  time  interval.  This  may  be  illustr- 
ated as  follows: 


8155 
TIMER 
MODE  0 


If  N  is  odd,  the  extra  pulse  will  occur  while  TIMER  OUT  is  high. 
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In  Mode  1  as  in  Mode  0,  TIMER  OUT  is  high  for  the  first  half  of  the  count  and  low  for  the 
second  half.  However,  the  timer  is  automatically  reloaded  with  the  initial  value  follow- 
ing each  time  out  creating  a  square  wave  which  may  be  illustrated  as  follows: 


Timer  initial  « 
count  is  N 


\ 


\ 


Mode  2  outputs  a  single  low  clock  pulse  on  the  terminal  count  then  stops  the  tin 
Timing  may  be  illustrated  as  follows: 


Timer  initial  -* 
count  is  N 


Mode  3  is  identical  to  Mode  2  except  that  when  the  timer  times  out  the  initial  counter 
value  is  automatically  reloaded. 

8155  CONTROL  AND  STATUS  REGISTERS 

The  Control  and  Status  registers  of  the  8155  are  used  to  control  both  timer  and 
parallel  I/O  logic.  Let  us  now  examine  these  registers. 

The  Control  and  Status  registers  of  the  8155  device  are  accessed  via  a  single  I/O 
port  address.  This  is  the  lowest  of  the  81 55  I/O  port  addresses.  When  you  write  to 
this  address  you  access  the  Control  register;  when  you  read  from  this  address  you 
access  the  Status  register. 

8155  internal  logic  will  interpret  Control  register  bits  as  follows: 


7    6    5    4 

rnxn 


3    2    10 


i    ,1 


u- 


-  Bit  No, 

-  Control  register 


-  Port  A  definition 
-Port  B  definition 

[Port  C  definition 
00  =  ALT  1 
101  =  ALT  3 
10=  ALT  4 
1 1  =  ALT  2 

■  Port  A  interrupts 

-  Port  B  interrupts 


lition    \  0  =  inj 
lition    J   1  =Oi 


=  input 
Output 


>  See  Table  5-2 


0  =  Disable 

1  =  Enable 


[Timer  control 
00  =  No  effect  on  timer 
01  =Stop  timer  immediately,  if  running 
I  10  =  Stop  timer  after  next  time  out,  if  running 
I  1 1  =  Start  timer  immediately 
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Status  register  bits  are  set  and  reset  as  follows: 


7    6 

□ 


5    4    3    2 

I 


1     0- 


ii  a  li  u  n  ,i 


EK 


-Bit  No. 

-  Status  register 


1  =True 
0  =  False 


___  Port  A  interrupt  request  > 

Port  A  buffer  full 

.' —  Port  A  interrupt  enabled  \ 

Port  B  interrupt  request  , 

— — —  Port  B  buffer  full 

m  Port  B  interrupt  enabled  , 

in  Timer  interrupt.  Set  to  1  on  time  out,  reset  to  0  when 
Status  register  is  read  or  a  new  count  is  started 

8155  DEVICE  PROGRAMMING 

Accessing  8155  read/write  memory  is  self-evident.  If  you  execute  a  memory 
reference  instruction  that  specifies  an  address  within  the  8155  address  space,  you  will 
access  an  8155  memory  byte. 

Parallel  I/O  programming  is  also  self-evident;  you  begin  by  outputting  an  appropri- 
ate code  to  the  Control  register  in  order  to  define  the  modes  in  which  various  ports  will 
operate,  and  to  enable  or  disable  Mode  1  interrupts.  Your  only  caution  at  this  time  must 
be  to  ensure  that  the  two  high  order  bits  of  the  Control  code  are  0;  this  prevents  initia- 
tion of  any  timer  operations. 

If  you  are  using  I/O  ports  without  handshaking,  the  Status  register  is  not  affected 
by  I/O  operations.  No  control  signals  or  status  indicate  that  new  data  has  been  input 
to,  or  has  been  read  from  I/O  ports. 

If  you  are  operating  the  8155  in  handshaking  mode  under  program  control,  then  you 
must  poll  the  Status  register  in  order  to  determine  whether  data  is  waiting  to  be  read  or 
must  be  written.  Your  program  will  consist  of  a  series  of  input  instructions  which  read 
status,  followed  by  conditional  branches  that  read  or  write  data. 

If  you  are  operating  the  81 55  parallel  I/O  in  handshaking  mode  under  interrupt  control, 
then  whenever  data  is  waiting  to  be  read  or  must  be  written,  the  high  INTR  control  sig- 
nal will  vector  program  execution  to  an  appropriate  interrupt  service  routine. 

You  can  at  any  time  read  the  contents  of  an  I/O  port  that  has  been  declared  an  out- 
put port.  You  will  simply  read  back  whatever  data  was  most  recently  written  out  to  that 
I/O  port.  Reading  the  contents  of  an  output  port  will  have  no  effect  on  handshaking 
control  signals  associated  with  that  port 
Let  us  now  examine  programming  associated  with  8155  Counter/Timer  logic. 

You  must  first  initialize  the  1 6-bit  Counter/Timer  register  by  outputting  two  bytes  that 
specify  timer  mode  and  initial  count.  The  order  in  which  you  output  these  two  bytes  is 
unimportant 

Next  you  output  an  appropriate  Control  code  in  order  to  start  the  timer.  When  you  out- 
put a  Control  code  remember  not  to  modify  any  control  bits  that  define  parallel  I/O 
operations, 

Here  is  an  appropriate  initialization  instruction  sequence: 


MVI 
OUT 
MVI 
OUT 
MVI 
OUT 


A,80H 

C4H 

A,60H 

C5H 

A.FAH 

COH 


LOAD  2080H  AS  AN  INITIAL  COUNTER 
VALUE.  SELECT  COUNTER  MODE  1 


START  TIMER 
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This  instruction  sequence  assumes  that  the  8155  I/O  port  addresses  are  C016  through 
C5-|6.  The  code  FAig  output  to  the  Control  register  starts  the  timer,  and  defines  Port  A 
as  an  input  port  Port  B  as  an  output  port  both  in  handshaking  mode  with  interrupts 
enabled- 

You  can  at  any  time  stop  the  counter,  either  immediately  or  following  the  next  time  out 
The  following  instructions  will  stop  the  counter  immediately: 

MVI  A.7AH  STOP  THE  TIMER  IMMEDIATELY 

OUT  COH 

The  following  instructions  will  stop  the  counter  after  the  next  time  out: 

MVI  A.BAH  STOP  THE  TIMER  AFTER  THE 

OUT  COH  NEXT  TIME  OUT 

You  can  read  the  contents  of  the  Counter/Timer  register  at  any  time.  Since  the  counter 
consists  of  two  bytes,  reading  "on  the  fly",  that  is,  while  the  counter  is  decrementing, 
can  give  you  an  inaccurate  input;  the  counter  will  keep  on  decrementing  between  the 
execution  of  the  two  instructions  needed  to  read  both  halves  of  the  Counter/Timer 
register.  In  order  to  obtain  an  accurate  .reading  of  Counter/Timer  register  contents,  you 
should  stop  the  Counter/Timer,  read  register  contents,  then  restart  the  Counter/Timer. 
Assuming  again  that  the  I/O  control  bits  within  the  Control  register  must  be  preserved 
as  1 1 1010,  this  instruction  sequence  will  stop  the  timer,  read  Counter/Timer  register 
contents,  then  restart  the  timer: 

MVI  A,7AH  STOP  THE  TIMER 

OUT  COH 

IN  C5  LOAD  COUNTER/TIMER  REGISTER 

MOV  B,A  CONTENTS  INTO  CPU  REGISTERS 

IN  C4  B  AND  C 

MOV  C,A 

MVI  A,FAH  RESTART  THE  TIMER 

The  Counter/Timer  instruction  sequences  illustrated  above  contain  a  non-obvious 
propensity  for  programming  errors.  We  start  the  timer  by  outputting  the  code  FA]  q  to 
the  Control  register;  we  stop  immediately  by  outputting  the  code  7Ai  $  and  we  stop  the 
timer  after  the  next  time-out  by  outputting  the  code  BAig.  In  reality  this  is  the  code  we 
are  outputting: 


7    6    5    4    3    2    1     0-*- 

I  I  hHilol  lol 


I 


—  Port  A  input 
— —  Port  B  output 

—  Port  C  ALT  4 

—  Enable  Ports  A  and  B  interrupts 

{Timer  code: 
1 1  =  Start  immediately 
10  =  Stop  after  next  time  out 
01  =  Stop  immediately 

Whenever  you  output  Control  codes  to  modify  8155  timer  operation,  you  must  always 
remember  to  output  bits  0  through  5  correctly,  in  order  to  maintain  previously  defined 
parallel  I/O  options.  A  commonly  used  programming  technique  that  frees  you  from 
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having  to  remember  the  condition  of  irrelevant  bits  in  a  control  word  is  to  use 
AND  and  OR  masks.  Consider  this  general  purpose  instruction  sequence: 

IN  COH  INPUT  PRESENT  CONTROL  CODE 


ANI 

3FH 

CLEAR  TIMER  BITS 

ORI 

COH 

SET  TIMER  BITS 

OUT 

COH 

RESTORE  CONTROL.  CODE 

LDA 

CONTRL 

ANI 

3FH 

(ORI 

COH 

OUT 

COH 

STA 

CONTRL 

This  technique  will  not  work  with  the  81 55  device  since  you  cannot  read  the  con- 
tents of  the  Control  register.  If  you  read  from  the  address  of  the  Control  register 
you  will  access  the  Status  register.  If  you  want  to  use  a  masking  technique,  you  must 
maintain  the  Control  code  in  memory  Here  is  an  instruction  sequence  that  will  work: 

LOAD  CONTROL  CODE  FROM  MEMORY 

CLEAR  TIMER  BITS 

SET  TIMER  BITS) 

OUTPUT  CONTROL  CODE  TO  8155 

SAVE  CONTROL  CODE  IN  MEMORY. 

Your  instruction  sequence  will  include  the  ANI  mask  to  clear  timer  bits,  or  the  ORI  mask 
to  set  timer  bits,  but  obviously  not  both. 

CONTRL  is  the  label  for  some  read/write  memory  byte  which  always  holds  the  current 
8155  Control  code. 

THE  8355  READ  ONLY  MEMORY  WITH  I/O 

The  8355  provides  2048  bytes  of  read-only  memory  and  two  8-bit  I/O  ports.  The 
device  has  been  designed  to  interface  with  the  8085  CPU. 

Figure  5-24  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  8355  device. 

The  8355  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply.  All  in- 
puts and  outputs  are  TTL  compatible.  The  device  is  implemented  using  N-channel 
MOS  technology. 

Figure  5-25  functionally  illustrates  logic  of  the  8355  device.  A  simple 
8085-8155-8355  configuration  is  illustrated  in  Figure  5-27. 

There  are  many  similarities  between  the  8155,  which  we  have  already  described, 
and  the  8355.  Where  appropriate  we  will  refer  back  to  the  8155  discussion  for 
clarification  of  concepts. 

8355  DEVICE  PSNS  AND  SIGNALS 

8355  pins  and  signals  are  illustrated  in  Figure  5-26. 

The  8355-8085  interface  differs  somewhat  from  the  8155-8085  interface  in  that 
the  8355  has  more  memory,  fewer  addressable  I/O  ports,  plus  the  ability  to  ad- 
dress I/O  ports  within  the  memory  space  of  the  device. 

Having  2048  bytes  of  addressable  read-only  memory,  the  8355  requires  eleven  ad- 
dress pins.  These  are  derived  from  AD0-AD7  and  A8-A10. 

Having  only  four  addressable  I/O  ports,  the  8355  I/O  address  logic  decodes  ADO  and 
AD1  only.  I/O  ports  are  selected  as  follows: 


iD1 

ADO 

0 

0 

I/O  PORT  A 

0 

1 

I/O  PORT  B 

1 

0 

DATA  DIRECTION  REGISTER  A 

1 

1 

DATA  DIRECTION  REGISTER  B 
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PORTA 


CO" 


CO 


^5V) 


Vgg  (OV) 


Figure  5-25.  Logic  Functions  of  the  8355  Device 


8355  device  select  logic  must  generate  the  chip  enable  signals  CE  and  CE  from  the 
five  address  lines  A1 1 -A1 5.  The  discussion  of  select  logic  given  for  the  81 55  device  ap- 
plies also  to  the  8355. 

If  you  select  8355  memory  and  I/O  ports  in  their  respective  address  spaces,  the 
control  signals  ALE,  RD,  and  IO/M  are  used  exactly  as  described  for  the  8155 
device. 

But  you  can  also  access  8355  I/O  ports  within  the  8355  memory  space  using  con- 
trol signals  IOW  and  IOR. 

IOW  and  TOR  are  control  signals  which  override  IO/M  and  RD  when  accessing  I/O  ports. 

Providing  CE  and  CE  are  true,  a  low  input  on  IOW  will  cause  data  on  the  Data  Bus  to  be 
written  into  the  I/O  port  selected  by  ADO  and  AD1,  irrespective  of  the  IO/M  level. 
Similarly,  IOR  low  will  cause  the  contents  of  the  I/O  port  selected  by  ADO  and  AD1  to  be 
output  on  the  Data  Bus. 

You  can  connect  IOW  directly  to  the  WR  control  signal  and  thus  write  into  the  four  I/O 
ports  of  the  8355  device  as  though  they  were  the  four  low  order  memory  bytes.  But 
connecting  IOR  to  RD  is  not  so  straightforward.  The  8355  device  may  receive  a  low  in- 
put on  IOR  together  with  low  inputs  on  RD  and  IO/M;  it  will  then  attempt  to  read  the 
contents  of  a  read  only  memory  byte  and  an  I/O  port  at  the  same  time.  While  elaborate 
,  schemes  could  be  devised  for  generating  separate  selects  that  map  the  four  I/O  ports 
into  a  memory  space  of  its  own,  it  is  wisest  to  ignore  the  IOR  signal  if  you  are  using 
8355  memory  and  I/O  logic.  Use  IOR  only  when  the  8355  is  configured  as  two  I/O 
ports  —  and  the  8355  memory  is  unused.  IOR  and  IOW  are  used  in  8048 
microcomputer  systems;  that  is  the  principal  reason  they  were  designed  into  the 
8355  device. 
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8355 

36 

35- 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

■—      fcfc" '  PB4 

«« 9*-  PB3 

-^ — *b~   PB2 
-«4 — »»~  PB1 

(OR   

■^      ft*     PA7 

ADO  -^ 
AD1  -^- 
AD2  -*" 

AD3  -**- 
AD4  -*- 

■*       **     PA6 

-* — m~  pas 

-^ — »»-   PA4 
-«« »*-  PA1 

AD6   -«i8- 

AD7  -*m- 

W       B>     PAO 

-«* A10 

—1               A8 

PIN  NAME  DESCRIPTION  TYPE 

ADO  -  AD7  Multiplexed  Address  and  Data  Bus  Bidirectional 

A8-A10  Memory  Address  Lines  Input 

PAO  -  PA7  Eight  I/O  pins,  designated  as  Port  A  Bidirectional 

PgO  ~  PB7  E'ght  i/O  ptns,  designated  as  Port  B  Bidirectional 

RP  Read  from  device  control  Input 

IQR  Read  from  I/O  port  control  Input 

IOW  Write  to  I/O  port  control  Input 

■O/M  I/O  ports  or  memory  select  Input 

ALE  Address  latch  enable  Input 

RESET  System  reset  input 

CE,  CE  Chip  enables  input 

READY  Wait  state  request  Output,  tristate 

CLK  Timing  for  Wait  state  request  Input 

^SS'  ^CC  Ground,  Power 

Figure  5-26    8355  Multifunction  Device  Signals  and  Pin  Assignments 
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8355  READY  LOGIC 

The  8355  device  has  on-chip  logic  to  create  a  READY  signal  that  will  insert  one 
Wait  state  into  the  8085  machine  cycle  that  references  the  8355  device.  8355 
READY  signal  timing  may  be  illustrated  as  follows: 


MC1 

T1 

T2 

TW                       T3 

T4 

T| 

I 

The  READY  output  is  floated  by  the  8355  device  while  CE-CE  is  false. 


READY  is  forced  low  by  the  combination  of  Chip  Enable  true  while  ALE  is  high;  READY 
stays  low  until  the  first  low-to-high  transition  of  CLK  following  the  end  of  the  ALE  pulse.. 
If  you  refer  back  to  Figure  5-1  1  you  will  see  that  this  READY  logic  creates  a  single  Wait 
state. 

The  problem  with  the  READY  logic  illustrated  above  is  that  in  order  to  have  Chip  Enable 
true  while  ALE  is  high,  chip  enable  logic  must  be  tied  directly  to  Address  Bus  lines. 
Refer  to  the  timing  diagram  below  and  you  will  see  that  A0-A1 5  is  stable  while  ALE  is 
high 

But  as  we  discussed  earlier  in  this  chapter,  you  can  derive  chip  enable  logic  directly 
from  A8-A1 5  only  in  very  small  8085  microcomputer  systems  When  a  number  of  sup- 
port devices  are  connected  to  the  System  Bus,  you  must  guarantee  against  spurious 
device  selects  by  including  control  signals  in  the  chip  enable  logic.  Logic  illustrated 
earlier  in  this  chapter  shows  how  to  create  a  chip  select  signal  that  is  true  between  the 
trailing  edge  of  ALE  and  the  low-to-high  transition  of  RD  or  Wr:  The  following  chip  ena- 
ble timing  results 
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Timing  illustrated  above  is  theoretically  the  best  guarantee  against  spurious  selects; 
but  it  will  not  work  if  you  want  to  create  a  single  Wait  state  when  using  an  8355  device. 
If  Chip  Enable  (CE)  goes  true  on  the  trailing  edge  of  ALE,  READY  will  never  be  reset  low: 


You  cannot  resolve  this  problem  by  simply  inverting  ALE  as  a  clock  input.  Normally  ALE 
would  work: 


Active 
Transition 


But  after  a  reset  or  upon  powering  up,  this  is  what  you  get: 


\ 


-J 1 

-n r 


The  ALE  active  transition  must  be  preceded  by  a  clock  pulse  which  outputs  Q  high.  No 
such  pulse  will  occur  following  a  RESET. 

But  when  do  you  need  to  induce  a  Wait  state? 

8355  device  timing  is  fast  enough  to  respond  to  memory  and  I/O  acceses  without  the 
inclusion  of  a  Wait  state,  unless  you  have  buffers  on  the  System  Bus  and  the  buffers  in- 
troduce unacceptably  long  response  delays  Therefore,  ignore  the  READY  signal  logic 
of  the  8355  in  small  8085  systems  and  derive  chip  enable  logic  directly  from  the  high 
order  address  lines  A1 1-A15,  In  larger  systems  where  buffers  on  the  System  Bus  force 


5-58 


the  8355  device  to  require  a  Wait  state,  use  READY  logic  of  the  8355  device.  Chip  ena- 
ble logic  must  be  derived  as  follows: 


I 

PR 

D 

Q 

CK 

7474 
CLR 

■*J 


-22 CT^V 

wr ^L^y 


Here  is  the  timing  derived: 


i 


Your  alternative  is  to  create  a  READY  signal  externally  using  two  7474  D  type  flip-flops, 
as  described  earlier  in  this  chapter.  If  you  create  the  READY  signal  externally,  then  the 
chip  enable  timing  on  the  8355  device  ceases  to  be  critical 
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8355  I/O  LOGIC 

Let  us  now  look  at  the  I/O  logic  of  the  8355  device.  This  device  has  two  I/O  ports 
whose  pins  can  be  individually  assigned  to  input  or  output.  This  assignment  is 
made  by  loading  appropriate  Control  codes  into  a  Data  Direction  register  associ- 
ated with  each  I/O  port.  A  1  in  any  bit  position  of  the  Data  Direction  register  defines 
the  associated  I/O  port  pin  as  an  output  pin.  A  Q  in  any  bit  position  defines  the  associ- 
ated I/O  port  pin  as  an  input  pin.  This  may  be  illustrated  as  follows: 


Data  Direction 

Register  A 

(Port  2) 


1 


1/0  Port  A 
(Port  0) 


Data  Direction 

Register  B 

(Port  3) 


1 


i/0  Port  B 
(Port  1) 


^ 

9» 

*» 

* 

& 

fc 


Observe  that  the  8355  has  no  I/O  with  handshaking.  For  I/O  with  handshaking  you 
should  use  the  8155  or  the  8255  devices. 


THE  8755  ERASABLE  PROGRAMMABLE  READ 
ONLY  MEMORY  WITH  I/O 

The  8755  device  provides  2048  bytes  of  erasable  programmable  read-only  memo- 
ry and  two  8-bit  I/O  ports.  The  only  difference  between  this  device  and  the  8355, 
which  we  have  just  described,  is  the  fact  that  the  8755  read-only  memory  is  pro- 
grammable and  erasable.  There  are  minor  pin  and  signal  variations  supporting  the 
EPROM.  These  differences  are  identified  in  Figure  5-28. 

This  discussion  of  the  8755  device  is  limited  to  describing  how  you  program  the  read- 
only memory.  In  all  other  ways,  the  8755  device  is  identical  to  the  8355 

There  are  two  Chip  Enable  signals  on  the  8755  device:  CE  is  the  standard  chip  enable 
which  must  be  true  when  the  8755  device  is  being  accessed  for  any  purpose,  either  in 
normal  operation  or  when  programming  the  read-only  memory  CE  is  a  high  true  signal, 

The  second  Chip  Enable  signal  CE  PROG  is  first  held  low,  then  it  is  pulsed  true  only 
when  you  are  programming  the  read-only  memory.  You  must  apply  a  +26V  pulse  last- 
ing between  50  and  100  milliseconds,  beginning  with  the  leading  edge  of  ALE  At  this 
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time  data  will  be  written  into  the  addressed  read-only  memory  location-  Timing  may  be 
illustrated  as. follows: 


ADO  -  AD7    Jf  ADDRESS 

I 

DATA                                              | 

ale/- \                                                                            ! 

.*/ 

CE/PROG  «\ 

I 

VDD 

ov   "■""■ll1"""1 ' 

1 
\ 

READY 

I 


You  erase  the  programmable  read-only  memory  by  exposing  it  to  ultraviolet  light  for  a 
minimum  of  twenty  minutes 
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PIN  NAME 

ADO  -  AD8 

A8  -  A10 

PAO  -  PA7 

PBO  -  PB7 

RD 

IOR 

IOW 

IO/M 

ALE 

RESET 

CE 

PROG  AND  CE 

READY 

CLK 

VSS-  VCC 


DESCRIPTION  TYPE 

Multiplexed  Address  and  Data  Bus  Bidirectional 

Memory  address  lines  Input 

Eight  I/O  pins,  designated  as  Port  A  Bidirectional 

Eight  I/O  pins,  designated  as  Port  B  Bidirectional 

Read  from  device  control^  Input 

Read  from- I/O  port  control  Input 

Write  to  I/O  port  control  Input 

I/O  ports  or  memory  select  Input 

Address  latch  enable  Input 

System  reset  Input 

Chip  enable  Input 

PROM  programming  chip  enable  Input 

Wait  state  request  Output,  tristate 

Timing  for  Wait  state  request  Input 

Ground,  Power 


Figure  5-28.  8755  Multifunction  Device  Signals  And  Pin  Assignments 
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8085 


ABSOLUTE  MAXIMUM  RATINGS* 


Ambient  Temperature  Under  Bias 0°C  to  70°C 

Storage  Temperature  -65°C  to  +150°C 

Voltage  on  Any  Pin 

With  Respect  to  Ground ,  .     -0.3  to  +7V 

Power  Dissipation  1,5  watt 


"COMMENT:  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specif i 
cation  is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliability.. 


D.C.  CHARACTERISTICS 

(TA  =  0°C  to  70°C;  Vcc  =  5V  ±5%;  Vss  =  0V;  unless  otherwise  specified) 


Symbol 

Parameter 

Min, 

Max. 

Units 

Test  Conditions 

V|L 

Input  Low  Voltage 

-0.5 

+0.8 

V 

VIH 

Input  High  Voltage 

2.0 

Vcc+0.5 

V 

Vol 

Output  Low  Voltage 

0.45 

V 

•ol  =  2mA 

Vqh 

Output  High  Voltage 

2.4 

V 

lOH  =  -400uA 

•cc 

Power  Supply  Current 

170 

mA 

«IL 

Input  Leakage 

±10 

(iA 

vin=vcc 

iLO 

Output  Leakage 

±10 

(lA 

0.45V  <  Vout  <  Vcc 

VILR 

Input  Low  Level,  RESET 

-0.5 

+0.8 

V 

V,HR 

Input  High  Level,  RESET 

2.4 

vCc 

V 

vHY 

Hysteresis,  RESET 

0,25 

V 

Bus  Timing  Specification  as  a  TCYC   Dependent 


*AL 

-         (1/2)  T-  50 

MIN 

lLA 

(1/2)  T- 20 

MIN 

lLL 

(1/2)  T-  40 

MIN 

*LCK 

(1/2)  T-  50 

MIN 

*LC 

(1/2)  T- 30 

MIN 

XAD 

(5/2  +  N)T- 

225 

MAX 

tRD 

(3/2  +  NJT- 

200 

MAX 

*RAE 

-        (1/2)  T- 60 

MIN 

rCA 

-        (1/2)  T-  40 

MIN 

tDW 

(3/2  +  N)  T  - 

60 

MIN 

tWD 

-        (1/2)  T-  80 

MIN 

*CC 

{3/2  +  N)  T  - 

80 

MIN 

tCL 

(1/2)  T- 110 

MIN 

*ARY 

(3/2*  T- 260 

MAX 

tHACK 

(1 12)  T  -  50 

MIN 

rHABF 

-        (1/2JT  +  30 

MAX 

tHABE 

(1/2)T  +  30 

MAX 

*AC 

(2/2) T -  50 

MIN 

1 

(7/2)  T- 80 

MIN 

t2 

(1/2)  T- 40 

MIN 

*RV 

(3/2)  T  -  80 

MIN 

lINS 

(1/2)  T  + 200 

MIN 

is  equal  t 
=  tCYC. 
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8085 


A.C.  CHARACTERISTICS  <ta  =  o°cto  70°c;  vcc 

=  5V  ±5%; 

Vss  =0V) 

Symbol 

Parameter 

Min. 

Max, 

Units 

Test  Conditions 

TCYC 

CLK  Cycle  Period 

320 

2000 

ns 

See  notes  1 ,  2,  3,  4,  5 

*1 

CLK  Low  Time 

80 

ns 

l2 

CLK  High  Time 

120 

ns 

tf,tf 

CLK  Rise  and  Fall  Time 

30 

ns 

tAL 

Address  Valid  Before  Trailing  Edge  of  ALE 

no 

ns 

*LA 

Address  Hold  Time  After  ALE 

100 

ns 

^L 

ALE  Width 

120 

ns 

lLCK 

ALE  Low  During  CLK  High 

100 

ns 

tLC 

Trailing  Edge  of  ALE  to  Leading  Edge  of 
Control 

130 

ns 

lAFR 

Address  Float  After  Leading  Edge  of 
READ  (INTA) 

0 

ns 

*AD 

Valid  Address  to  Valid  Data  In 

575 

ns 

lRD 

READ  (or  INTA)  to  Valid  Data 

280 

ns 

lBCH 

Data  Hold  Time  After  READ  {INTA) 

0 

ns 

tRAE 

Trailing  Edge  of  READ  to  Re-Enabling 
of  Address 

100 

ns 

TCYC    "  320ns<' 

*CA 

Address  (A8-A15)  Valid  After  Control 

120 

ns 

CL  =  1  50  pF 

lDW 

Data  Valid  to  Trailing  Edge  of  WRITE 

420 

ns 

*WD 

Data  Valid  After  Trailing  Edge  of  WRITE 

80 

ns 

^C 

Width  of  Control  Low  (~RD,  WR,  INTA) 

400 

ns 

^L 

Trailing  Edge  of  Control  to  Leading  Edge 
of  ALE 

50 

ns 

*ARY 

READY  Valid  From  Address  Valid 

220 

ns 

lRYS 

READY  Setup  Time  to  Leading  Edge  of  CLK 

110 

ns 

lRYH 

READY  Hold  Time 

0 

ns 

^ACK 

HLDA  Valid  to  Trailing  Edge  of  CLK 

110 

ns 

lHABF 

Bus  Float  After  HLDA 

190 

ns 

JRV 

Control  Trailing  Edge  to  Leading  Edge  of 
Next  Control 

400 

ns 

lAC 

Address  Valid  to  Leading  Edge  of  Control 

270 

ns 

lHDS 

HOLD  Setup  Time  to  Trailing  Edge  of  CLK 

170 

ns 

^DH 

HOLD  Hold  Time 

0 

ns 

l\NS 

1NTR  Setup  Time  to  Leading  Edge  of  CLK 
(Ml,  T1  only),  Also  RST  and  TRAP 

360 

ns 

MlSJH 

INTR  Hold  Time 

0 

ns 

.    A8-1  5  Address  Specs  apply  to  iO/M,  SO  and  SI, 
For  all  output  timing  where  Cl  *  1 50pf  use  the  following  correction  factors: 
25pf  <  Ci<  150pf  :     -.10   ns/pf 
150pf  <  Cl  «  300pf  :       +.30   ns/pf 
Output  timings  are  measured  with  purely  capacitive  load 

All  timings  are  measured  at  output  voltage  VL  =  ,8V,  VH  =  2.0V,  and  1„5V  with  20ns  rise  and  fall  tim 
To  calculate  timing  specif  ications  at  other  values  of  Tqyc  use  tne  table  in  Table  2. 
.    L.E.  =  Leading  Edge       T.E..  =  Trailing  Edge 
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CLOCK  TIMING  WAVEFORM 


READ  OPERATION 


a r 


i: 


ra3 


A /       \ / V 


\zz^t 


Is <C 


las: 


WRITE  OPERATION 


clkA A 

h 

VA15 /  [  AOOF 


n 


I 


7     \ /     ^_y — v. 


r: 


'j 


t=t 
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HOLD  OPERATION 


8085 


(ADDRESS.  CONTROLS) 


>^y- 


h=i 


J 
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8755 


ABSOLUTE  MAXIMUM  RATINGS* 


Temperature  Under  Bias    . . 

Storage  Temperature     

Voltage  on  Any  Pin 

With  Respect  to  Ground 
Power  Dissipation     


-10°C  to  +70°C 

-65°Cto+150°C 


-05Vto+7V 
1  5W 


'COMMENT  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect  device 
reliabilt  ty 


D.C.  CHARACTERISTICS  {TA 

=  0°C  to  70°C;  Vcc  =  5V  ±  5%) 

SYMBOL 

PARAMETER 

MII\K 

MAX. 

UNITS 

TEST  CONDITIONS 

V|L 

Input  Low  Voltage 

-0.5 

0,8 

V 

V(H 

Input  High  Voltage 

2.0 

VCC  -KJ.5 

V 

Vol 

Output  Low  Voltage 

0.45 

V 

Iql  =  2mA 

Voh 

Output  High  Voltage 

2,4 

V 

Iqh  =  -400mA 

IlL 

Input  Leakage 

10 

A/A 

V|N  =  VCc  to  ov 

!lo 

Output  Leakage  Current 

±10 

MA 

0.45V  <V0UT  <VCC 

•cc 

Vcc  Supply  Current 

180 

mA 
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A.C.  CHARACTERISTICS  {ta  =  o°cto  70°c,  vcc  = 

5V  +  5%) 

"  '     '   .-/£c'-fc 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST  CONDlffe^f 

tAL 

Address  to  Latch  Set  Up  Time 

50 

ns 

,J  /:/. 

tLA 

Address  Hold  Time  after  Latch 

80 

ns 

tLC 

Latch  to  READ/WRITE  Control 

100 

ns 

tRD 

Valid  Data  Out  Delay  from  READ  Control 

150 

ns 

Ud 

Address  Stable  to  Data  Out  Valid 

400 

ns 

tLL 

Latch  Enable  Width 

100 

ns 

tRDF 

Data  Bus  Float  After  READ 

0 

100 

ns 

tCL 

READ/WR  ITE  Control  to  Latch  Enable 

20 

ns 

tec 

READ/WR  ITE  Control  Width 

250 

ns 

*DW 

Data  In  to  WRITE  Set  Up  Time 

150 

ns 

*WD 

Data  In  Hold  Time  After  WR  ITE 

0 

ns 

tRV 

Recovery  Time  Between  Controls 

300 

ns 

%P 

WRITE  to  Port  Output 

400 

ns 

tpR 

Port  Input  Setup  Time                                   * 

■  50 

!  ■      ns 

tRp 

Port  Input  Hold  Time 

50 

ns 

1 50  pF  Load 

tSBF 

Strobe  to  Buffer  Full 

400 

ns 

tss 

Strobe  Width 

200 

ns 

tRBG 

READ  to  Buffer  Empty 

400 

ns 

tsi 

Strobe  to  INT R  On 

400 

ns 

tRDI 

READ  to  INTROff 

400 

ns 

tpss 

Port  Setup  Time  to  Strobe  Strobe 

50 

ns 

tPHS1 

Port  Hold  Time  After  Strobe 

100 

ns 

tSBE 

Strobe  to  Buffer  Empty 

400 

ns 

tWBF 

WRITE  to  Buffer  Full 

400 

ns 

*wi 

WR^TEto  INTROff 

400 

ns 

tTL 

TIMER-IN  to  TIMER-OUT  Low 

400 

ns 

tTH 

TIMER-IN  to  TIMER-OUT  High 

400 

ns 

*RDE 

Data  Bus  Enable  from  READ  Control                1 

10 

ns 

Note:   For  Timer  input  Specification,  see  Figure  1 0. 
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8155 


READ  CYCLE 


A 


JZZ 

D 

:> — CJ 


1c 


DATA  VALID 


r 


r 


.J 

V  ADDRESS 


WRITE  CYCLE 


y 


>=*=\ 


T 


X 


/ 


-1 


/ 


8155  READ/WRITE  TIMING  DIAGRAM. 
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8155 


A.  BASIC  INPUT  MODE 


X 


ZI1DC 


\ / 


X 


B.   BASIC  OUTPUT  MODE 


■\ 


Jr 


■*-"  Hvp-*" 


TJX 


OUTPUT 


x 


x:r: 


•DATA  BUS  TIMING  IS  SHOWN  IN  FIGURE  7. 

STROBED  I/O  TIMING  WAVEFORM. 


LOAD  . 

COUNTER  — *\ 
FROMCLR         ' 

COUNT |  0  | 


COUNTDOWN  FROM  3  TO  0 
tcYj.  320niMIN 

■RISES. 'FALL  30  n*  MAX. 
BOniMIN 
120njMtN 


TIMER1N  TO  TIMEROUT  LOW  (TO  BE  DEFINED) 
TIMER  IN  TO  TIMEROUT  HIGH  (TO  BE  DEFINED) 


TIMER  OUTPUT  WAVEFORM. 
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8355 


ABSOLUTE  MAXIMUM  RATINGS* 


Temperature  Under  Bias    

0°Cto+70°C 

Storage  Temperature 

-65°Cto+150°C 

Voltage  on  Any  Pin 

With  Respect  to  Ground     

-0  3Vto+7V 

Power  Dissipation     

1.5W 

'COMMENT  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  the .,, 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  ex  tended  periods  may  affect  device 
reliabili  ty. 


D.C.  CHARACTERISTICS  (TA 

=  0°C  to  70°C;  VCc  =  5V  ±  5%} 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST  CONDITIONS 

V|L 

Input  Low  Voltage 

-0.5 

0.8 

V 

V|H 

Input  High  Voltage 

2.0 

Vcc  +0.5 

V 

Vol 

Output  Low  Voltage 

0„45 

V 

Iol  =  2mA 

Voh 

Output  High  Voltage 

2.4 

V 

lOH  =  -400/iA 

IlL 

Input  Leakage 

10 

ma 

Vin  =  VCC  to  0V 

"i_o 

Output  Leakage  Current 

+10 

ma 

0.45V  <V0UT  <VCC 

!CC 

Vcc  Supply  Current 

180 

mA 

A.C.  CHARACTERISTICS  (ta  =  o°c  to  70°C;  vcc  =  5V  ±  5%) 


SYMBOL 

PARAMETER 

MIN. 

MAX„ 

UNITS 

TEST  CONDITIONS 

*CYC 

Clock  Cycle  Time 

320 

ns 

Ti 

CLK  Pulse  Width 

80 

ns 

CL0AD  =  150  pF 

T2 

CLK  Pulse  Width 

120 

ns 

(See  Figure  3) 

tf.tr 

CLK  Rise  and  Fall  Time 

30 

ns 

tAL 

Address  to  Latch  Set  Up  Time 

50 

ns 

tLA 

Address  Hold  Time  after  Latch 

80 

ns 

t.LC 

Latch  to  READ/WRITE  Control 

100 

ns 

tRO 

Valid  Data  Out  Delay  from  READ  Control 

150 

ns 

*AD 

Address  Stable  to  Data  Out  Valid 

400 

ns 

1  50  pF  Load 

tLL 

Latch  Enable  Width 

100 

ns 

tRDF 

Data  Bus  Float  after  READ 

0 

100 

ns 

tCL 

READ/WRITE  Control  to  Latch  Enable 

20 

ns 

tec 

READ/WRITE  Control  Width 

250 

ns 

tDW 

Data  In  to  WR ITE  Set  Up  Time 

150 

ns 

*WD 

Data  In  Hold  Time  After  WRITE 

0 

ns 

tWP 

WRITE  to  Port  Output 

400 

ns 

tpR 

Port  Input  Set  Up  Time 

50 

ns 

tRP 

Port  Input  Hold  Time 

50 

ns 

tRYH 

READY  HOLD  TIME 

0 

120 

ns 

*ARY 

ADDRESS  <CE)  to  READY 

160 

ns 

tRV 

Recovery  Time  between  Controls 

300 

ns 

tRDE 

Data  Out  Delay  from  READ  Control 

10 

ns 
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CLOCK  SPECIFICATION  FOR  8355. 
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ROM  READ  AND  I/O  READ  AND  WRITE. 


8355 


WAIT  STATE  TIMING  (READY  =  0). 
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A.   INPUT  MODE 


RDQR 
IOR 


\ 


PORT 
INPUT 


IX 


f 


X 


DATA* 
BUS 


x 


B.  OUTPUT  MODE 


IOW 


\ 


/ 


W- 


PORT 
OUTPUT 


x 


GLITCH  FREE 
'  OUTPUT 


DATA* 
BUS 


X 


X 


*DATA  BUS  TIMING  IS  SHOWN  IN  FIGURE  3. 

I/O  PORT  TIMING. 

8155 


ABSOLUTE  MAXIMUM  RATINGS* 


Temperature  Under  Bias    0°C  to  +70°C 

Storage  Temperature ,.    -65°C  to  +150°C 

Voltage  on  Any  Pin 
With  Respect  to  Ground     -0.3Vto+7V 

Power  Dissipation 1.5W 


'COMMENT:  Stresses  above  those  listed  under  "Absolute 
Maximum  Ratings"  may  cause  permanent  damage  to  f/ie 
device.  This  is  a  stress  rating  only  and  functional  opera- 
tion of  the  device  at  these  or  any  other  conditions  above 
those  indicated  in  the  operational  sections  of  this  specifi- 
cation is  not  implied  Exposure  to  absolute  maximum 
rating  conditions  for  ex  tended  periods  may  affect  device 
reliability 


D.C.  CHARACTERISTICS  <ta 

=  0°C  to  70°C;  Vcc  =  5V  ±  5%)' 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

TEST  CONDITIONS 

V|L     ~1 

input  Low  Voltage 

_05 

0.8 

V 

V|H 

Input  High  Voltage 

2.0 

Vcc+O-5 

V 

Vol 

Output  Low  Voltage 

0.45 

V 

lot  =  2mA 

Voh 

Output  High  Voltage 

Z4 

V 

Iqh  =-400mA 

IlL 

Input  Leakage 

10 

pA 

Vin  =  VCC  to  0V 

Ilo 

Output  Leakage  Current 

±10 

pA 

0.45V  <Vqut  <VCc 

■cc 

Vqc  Supply  Current 

180 

mA 
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A.C.  CHARACTERISTICS  {TA  =  o°c  to  70°c;  vcc  =  5V  ±  5%) 


-  SYMBOL 

PARAMETER 

MiN. 

MAX. 

UNITS 

TEST  CONDITIONS 

*CYC 

Clock  Cycle  Time 

320 

ns 

Ti 

CLK  Pulse  Width 

80 

ns 

T2 

CLK  Pulse  Width 

120 

ns 

(See  Figure  3) 

tf,tr 

CLK  Rise  and  Fall  Time 

30 

ns 

tAL 

Address  to  Latch  Set  Up  Time 

50 

ns 

tLA 

Address  Hold  Time  after  Latch 

80 

ns 

tLC 

Latch  to  READ/WRITE  Control 

100 

ns 

*RD 

Valid  Data  Out  Delay  from  READ  Control 

150 

ns 

*AD 

Address  Stable  to  Data  Out  Valid 

400 

ns 

1  50  pF  Load 

tLL 

Latch  Enable  Width 

100 

ns 

tRDF 

Data  Bus  Float  after  READ 

0 

100 

ns 

tCL 

READ/WRITE  Control  to  Latch  Enable 

20 

ns 

tec 

READ/WRITE  Control  Width 

250 

ns 

tow 

Data  In  to  WRITE  Set  Up  Time 

150 

ns 

two 

Data  In  Hold  Time  After  WR ITE 

0 

ns 

twp 

WRITE  to  Port  Output 

400 

ns 

tPR 

Port  Input  Set  Up  Time 

SO 

ns 

tRP 

Port  Input  Hold  Time 

50 

ns 

tRYH 

READY  HOLD  TIME 

0 

120 

ns 

^ARY 

ADDRESS  (CE)  to  READY 

160 

ns 

tRV 

Recovery  Time  between  Controls 

300 

ns 

tRDE 

Data  Out  Delay  from  READ  Control                  j        10 

ns 

CLOCK  SPECIFICATION  FOR  8755 
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PROM  READ  AND  I/O  WRITE  TIMING. 
A.  INPUT  MODE 
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*DATA  BUS  TIMING  IS  SHOWN  IN  FIGURE  4. 

I/O  PORT  TIMING. 
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8755 
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WAIT  STATE  TIMING  (READY  =  0). 
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Chapter  6 
THE  8048,  8748  AND  8035 


The  8048  series  microcomputers  are  single  chip  8-bit  devices  which  have  been 
developed  by  Intel  to  compete  in  the  market  for  low  cost,  high  volume  applica- 
tions. This  has  been  a  market  where  the  8080A,  with  its  high  chip  counts,  does 
not  do  well.  One  version  of  the  8048,  the  8748,  is  also  likely  to  do  exceptionally 
well  in  low  volume,  custom  applications  because  it  is  very  easy  to  use. 

The  8048  looks  like  a  one-chip  8080A  with  heavy  F8  influence.  The  F8  was  the 
first  8-bit  microprocessor  to  bring  the  economics  of  low  chip  counts  to  the  atten- 
tion of  the  semiconductor  industry.  It  is  therefore  not  surprising  to  find  a  heavy  F8 
influence  in  the  8048. 

It  is  intriguing  to  note  that  in  terms  of  general  architectural  organization,  there  are 
striking  similarities  between  the  8048  and  the  MCS6530  which  is  described  in 
Chapter  9. 

8048  series  microcomputers  are  summarized  in  Table  6-1. 

The  only  support  device  described  in  this  chapter  is  the  8243  I/O  Expander.  In  ad- 
dition, the  8155,  the  8355,  and  the  8755  multifunction  devices  which  have  been 
described  in  Chapter  5  can  be  used  with  8048  family  microcomputers. 

At  the  present  time  the  only  company  manufacturing  8048  series  microcomputers  is: 

INTEL  CORPORATION 

3065  Bowers  Avenue 

Santa  Clara,  California  95051 

The  8048  series  microcomputers  use  a  single  +5V  power  supply.  There  are  two  ver- 
sions of  each  microcomputer;  one  uses  a  2.5  microsecond  clock  while  the  other  uses  a 
5  microsecond  clock.  8048  instructions  execute  in  either  one  or  two  clock  periods. 

Table  6-1.  A  Summary  Of  8048  Series  Microcomputers 


ON  CHIP  MEMORY 

CYCLE 
TIME 

I/O  PORTS 

EXTERNAL 
INTERRUPTS 

TIMER 

ROM/EPROM 

RAM 

8048 

1024  ROM 

64 

2.5/xsec 

3x8  bits 

Yes 

8035 

0 

64 

2.5/xsec 

3x8  bits 

Yes 

8035-8 

0 

64 

5.0/xsec 

3x8  bits 

Yes 

8748 

1024  EPROM 

64 

2.5fJLsec 

3x8  bits 

Yes 

8748-8 

1024  EPROM 

64 

5.0/xsec 

3x8  bits 

Yes 
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Figure  6-2.  Functional  Logic  Of  The  8048,  8748  And  8035  Microcomputers 
All  8048  devices  are  packaged  as  40-pin  DIPs  and  have  TTL  compatible  signals. 

THE  8048,  8748  AND  8035  MICROCOMPUTERS 

Functions  implemented  on  the  three  versions  of  the  8048  microcomputer  are  il- 
lustrated in  Figure  6-1 .  With  the  exception  of  the  8035  you  will  see  that  complete 
microcomputer  logic  is  provided  within  a  single  package.  But  remember,  just 
because  a  function  is  present  in  Figure  6-1,  that  does  not  mean  to  say  it  will  be  suffi- 
cient for  your  application.  For  example,  read/write  memory  is  shown  as  present;  yet 
there  are  only  64  bytes  of  read/write  memory  on  any  8048  series  microcomputer  chip. 
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AN  8048  FUNCTIONAL  OVERVIEW 

Logic  of  the  8048  series  microcomputers  is  illustrated  functionally  in  Figure  6-2. 

The  Arithmetic  and  Logic  Unit,  the  Control  Unit  and  the  Instruction  register  are  all  inac- 
cessible to  you  as  a  user,  therefore  we  will  ignore  this  portion  of  the  microcomputer 

1024  bytes  of  program  memory  are  provided  by  the  8048  and  8748  microcomputers; 
the  8035  has  no  program  memory.  The  8048  has  1024  bytes  of  Read  Only  Memory 
(ROM)  while  the  8748  has  1024  bytes  of  Erasable  Programmable  Read  Only  Memory 
(EPROM);  this  is  the  only  difference  between  the  8048  and  8748. 

There  is  a  12-bit  Program  Counter  which  allows  the  8048  series  microcomputers  to  ac- 
cess 4096  bytes  of  program  memory.  Since  the  8048  and  8748  microcomputers  have 
only  1024  bytes  of  program  memory  on  the  computer  chip,  the  additional  3072  bytes 
must  be  external  if  you  are  going  to  expand  program  memory  to  the  maximum  ad- 
dressable space.  All  8035  microcomputer  program  memory  is  external. 


8048,  8748 
AND  8035 
I/O  PORTS 


Ail  8048  series  microcomputers  have  three  8-bit  I/O  ports. 

One  of  these,  the  Bus  Port,  is  a  truly  bidirectional  I/O  port  with 

input  and  output  strobes.  Outputs  can  be  statically  latched  while 

inputs  are  nonlatching.  This  means  that  external  logic  must  hold 

input  data  true  at  Bus  Port  pins  until  the  data  has  been  read.  All  eight  pins  of  the  Bus 

Port  must  be  assigned  either  to  input  or  output;  you  cannot  mix  input  and  output  on 

the  Bus  Port 

Bus  Port  is  used  as  the  primary  I/O  port  in  a  single  chip  microcomputer  system.  In  multi- 
ple chip  microcomputer  systems  Bus  Port  serves  as  a  multiplexed  Address  and  Data 
Bus. 

I/O  Ports  1  and  2  are  secondary  I/O  ports  with  characteristics  that  differ  signifi- 
cantly from  Bus  Port.  If  you  output  parallel  data  to  I/O  Port  1  or  2  it  is  latched  and 
maintained  at  the  I/O  port  until  you  next  write  data.  But  the  only  way  external  logic  can 
input  data  to  I/O  Port  1  or  2  is  by  pulling  individual  pins  from  a  high  to  a  low  level.  Thus 
when  a  high  level  is  being  output  at  any  pin  of  I/O  Port  1  or  2,  external  locjic  can  puil 
this  level  low  —  and  subsequently  if  the  CPU  reads  back  data  from  the  I/O  port  it  will 
read  a  0  bit  value.  This  may  be  illustrated  as  follows: 


©' 


©' 


I/O  Port  External  Logic 

11110101 

%  Pull  one  pin 


© 


External  logic  cannot  create  a  high  level  at  any  pin  of  I/O  Port  1  or  2  which  is  outputting 
a  low  level 

Here  is  a  summary  of  I/O  Port  1  and  2  capabilities: 

1 )  You  can  at  any  time  output  parallel  data  to  I/O  Ports  1  or  2  The  data  will  be  latched 
and  held  until  the  next  output. 

2)  Individual  pins  of  I/O  Ports  1  and  2  can  serve  as  input  or  output  pins  When  you 
output  data  to  I/O  Port  1  or  2  you  must  output  a  1  bit  to  any  input  pin,  This  may  be 
illustrated  as  follows: 

Data  Output  —  X  11  X  X  1  X  1     {X  =  0  or  1) 

7    6     5     4     3    2      1     0    ^g Bit  No. 

JOJ  I  1  l"'loto|  llopT^ i/O  Port  1  or  2  (O  =  Output,  I  =  Input) 
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3)     External  logic  writes  to  input  pins  of  I/O  Ports  1  and  2  by  leaving  low  levels  alone, 

and  by  pulling  high  levels  low 


+  5V  +  5V 


ORL,  ANL 

Ji 

INTERNAL 

D                               Q 

D 
FLIP 
FLOP 

Q 
CLK 

BUS          ' 

Ujh 

3  5KS1             < 

1  S50K11 

< 

I/O  PIN 
PORT  1   AND  2 

I 

4H 

1 

I 

WRITE 

X 

PULSE 

IN  — 

1 

•    INPUT 
BUFFER 

8048,  8748 
AND  8035 
I/O  PORT 
PIN  LOGIC 


Figure  6-3,  8048  I/O  Ports  1  And  2  Pin  Logic 

Figure  6-3  illustrates  logic  associated  with  each  pin  of  I/O 
Ports  1  and  2. 

Output  data  is  latched  by  a  D-type  flip-flop 

The  Q  and  Q  outputs  of  the  D-type  flip-flop  control  a  pair  of  gates 

on  either  side  of  the  pin  connection    To  provide  fast  switching 

times  in  0-to-1  transitions,  a  relatively  low  impedance  (— 5K  ohms)  is  switched  in  for 

approximately  500  nanoseconds  whenever  a  1  is  output 

Pins  are  continuously  pulled  up  to  +5V  through  a  relatively  high  impedance  (— 50K 
ohms)  When  a  0  is  output  to  the  D-type  flip-flop,  a  low  impedance  (~3K  ohms)  over- 
comes the  pull-up  and  provides  TTL  current  sinking  capability 

When  a  pin  of  I/O  Port  1  or  2  is  at  a  high  level,  external  logic  can  sink  the  50KH  pull-up. 
But  when  the  pin  is  at  a  low  level,  external  logic  cannot  overcome  the  low  impedance  to 
ground;  thus  it  cannot  pull  the  pin  up  to  a  high  level. 

By  placing  an  input  buffer  between  the  pin  and  the  switching  gates,  pin  logic  allows 
the  CPU  to  read  current  levels  induced  by  external  logic  —  but  only  while  external  logic 
is  connected  to  the  pin 

The  buffer  connecting  the  Q  output  of  the  D-type  flip-flop  to  the  D  input  is  present  to 
enable  8048  instructions  that  mask  I/O  port  data. 

Later  in  this  chapter  we  will-look  at  I/O  ports  in  more  detail,  showing  programming  and 
design  examples 
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8048,  8748  AND  8035  MICROCOMPUTER  PROGRAMMABLE 
REGISTERS 

The  8048  series  microcomputers  have  an  8-bit  Accumulator,  a  12-bit  Program 
Counter  and  64  bytes  of  scratchpad  memory.  Scratchpad  memory  may  be 
visualized  either  as  read/write  memory  or  as  General  Purpose  registers. 

The  Accumulator,  Program  Counter  and  scratchpad  memory  may  be  illustrated  as 
follows: 
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The  Accumulator  is  the  principal  conduit  for  all  data  transfers.  The  Accumulator  is 
always  one  source  and  the  destination  for  Arithmetic  or  Boolean  operations  in- 
volving memory  or  registers. 

Two  sets  of  eight  scratchpad  bytes  serve  as  secondary  registers.  At  any  time  one 
set  of  General  Purpose  registers  is  selected  while  the  other  set  of  General  Purpose 
registers  is  not  selected 

The  first  two  General  Purpose  registers  of  each  set,  RO  and  R1,  act  as  Data  Coun- 
ters to  address  scratchpad  memory  and  external  data  memory  Thus  you  address 
scratchpad  memory  using  implied  memory  addressing  via  General  Purpose  Register  RO 
or  R1 .  you  can  address  any  one  of  the  64  scratchpad  bytes,  including  the  General  Pur- 
pose registers,  or  even  the  Data  Counter  register  itself. 

In  between  the  two  sets  of  eight  General  Purpose  registers  there  is  a  16-byte 
stack.  The  Stack  Pointer  is  maintained  in  the  Program  Status  Word,  therefore  we  will 
defer  our  discussion  of  stack  operations  until  we  look  at  status. 

8048,  8748  AND  8035  ADDRESSING  MODES 

The  8048  series  microcomputers  separate  memory  into  pro- 
gram  memory  and  data  memory.  Without  resorting  to  complex 
expansion  schemes,  you  are  limited  to  a  maximum  of  4096 
program  memory  bytes  and  320  data  memory  bytes. 

The  8048  and  8748  microcomputers  have  1024  bytes  of  program 
memory  on  the  CPU  chip,  more  program  memory,  if  present,  must  be  external  to  the 
CPU  chip   The  8035  microcomputer  has  no  on-chip  program  memory,  it  requires  ali 
program  memory  to  be  external. 

All  8048  series  microcomputers  provide  64  bytes  of  read/write  data  memory  on  the 
CPU  chip  In  addition,  256  bytes  of  external  data  memory  may  be  addressed.  The  ex- 
ternal data  memory  space  must  be  shared  by  external  data  memory  and  any  exter- 
nal I/O  ports  —  that  is  to  say,  I/O  ports  other  than  the  microcomputer's  own  three  I/O 
ports  or  8243  Expander  ports 

8048  series  microcomputer  address  spaces  and  addressing  modes  are  illustrated 
in  Figure  6-4. 


8048,  8748 
AND  8035 
MEMORY 
SPACES 
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Let  us  first  examine  program  memory  addressing. 


8048,  8748 
AND  8035 
PROGRAM 
MEMORY 
ADDRESSING 


A  single  address  space  is  used  to  access  all  of  program  memory.  In 
the  normal  course  of  events  program  memory  is  addressed  via  the 
12-bit  Program  Counter.  The  high  order  Program  Counter  bit  is 
isolated  in  Figure  6-4  because  when  the  Program  Counter  is  incre- 
mented only  bitS  0  through  10  are  affected.  You  must  execute 
special  instructions  to  modify  the  contents  of  the  high  order  Pro- 
gram Counter  bit.  Program  memory  is  therefore  effectively  divided  into  two  memory 
banks,  each  containing  up  to  2048  bytes  of  program  memory,  You  cannot  branch,  via 
Jump-on-Condition  instructions,  from  one  program  memory  bank  to  the  other,  nor  can 
instructions  stored  in  one  program  memory  bank  access  the  other.  You  can  switch 
completely  from  one  program  memory  bank  to  the  other,  with  JMP,  CALL  or  RET,  and 
that  is  ail. 

Two  types  of  program  memory  addressing  are  available:  you  can  read  data  from 
program  memory  and  you  can  execute  Jump  instructions. 

You  can  unconditionally  jump  anywhere  within  the  currently  selected  program  memory 
bank;  this  may  be  illustrated  as  follows: 


These  bits 
replaced 


This  bit 

not 

changed 


pc|o|o|o|i|o|ojo|o|i|o|iT71- 


PROGRAM 
MEMORY 

Arbitrary 
Memory 
Address 

01  OA 
010B    ) 
010C    J 
010D 

06BA 
06BB 
06BC 
06BD 

1)000  1  00' 

JMP  instruction 

10111010 

object  code 

t                   1 
1                1 

i                 1 

Thus  the  JMP  instruction  stored  in  program  memory-bytes  OIOBiq  and  010C-|g  causes 
program  execution  to  jump  to  location  06BAig. 
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You  can  also  jump  using  a  form  of  paged,  indirect  addressing,  where  the  Accumulator 
points  to  an  indirect  address  stored  in  the  current  page  of  program  memory.  This  may 
be  illustrated  as  follows: 


Accumulator 


Program 
Counter 


Program 
Memory 

„    Arbitrary 

.*•-— ""*    Memory 
f                Addresses 

f 

01 3A 

013B 

CB 

013C 

013D 

013E 

! 

i 

01 5A 

03 

015B  -*g JMPP     @A 

015C 

015D 

01CA 

01CB   «wB        Jump  here 

01CC 

01CD 

All  conditional  Jump  instructions  allow  you  to  branch  within  the  current  page  of  pro- 
gram memory  only„  This  may  be  illustrated  as  follows: 


Jump  here 


Program 
Counter 


JC  instruction 
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You  can  read  data  from  program  memory,  but  there  are  no  instructions  which 
allow  you  to  write  data  to  program  memory.  Instructions,  other  than  data  immedi- 
ate instructions,  that  read  data  from  program  memory  use  paged,  implied  address- 
ing. There  are  two  forms  of  paged  implied  programming  memory  addressing;  they  may 
be  illustrated  as  follows: 


Arbitrary 
Memory  ,. 
Address    \ 

1 

Program 
Memory 

01AA 

3     A,  @  A  01AB 

A3 

01AC 

01AD 

013D 

013E 

013F 

4A 

0140 

The  illustration  above  compares  execution  of  the  MOVP  and  MOVP3  instructions. 
These  are  the  two  instructions  which  allow  you  to  read  a  byte  of  data  from  program 
memory  into  the  Accumulator, 

When  the  MOVP  instruction  is  executed,  the  program  memory  address  is  formed  by 
concatenating  the  high  order  four  bits  of  the  Program  Counter  with  the  contents  of  the 
Accumulator: 


Accumulator 


Program  memory  address 


When  the  MOVP3  instruction  is  executed,  the  program  memory  address  is  computed 
by  appending  the  Accumulator  contents  to  001 1 


P    Q 


3     P    Q 


Program  Memory  Address 


Thus  the  MOVP  instruction  loads  into  the  Accumulator  the  contents  of  a  program 
memory  byte  within  the  current  program  page  The  MOVP3  instruction  loads  into  the 
Accumulator  the  contents  of  a  byte  from  program  memory  page  3 

Note  carefully  that  the  extensive  use  of  absolute  paged  addressing  of  program 
memory  carries  with  it  the  usual  page  boundary  problems.  The  program  memory  ad- 
dressing modes  which  replace  the  low  order  eight  Program  Counter  bits  keep  the  four 
high  order  Program  Counter  bits  -^after  the  Program  Counter  has  been  incremented. 
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Refer  back  to  the  JMPP  <W)A  instruction  This  instruction  is  illustrated  as  being  stored  in 
program  memory  location  01 1B-|6.  But  suppose  this  instruction  were  stored  in  memory 
location  01FF16;  then  after  the  JMPP  instruction  is  fetched,  the  Program  Counter  will 
no  longer  contain  01 FF^,  it  would  contain  0200ie„  Now  instead  of  jumping  to  pro- 
gram memory  location  01CB-|6-  you  would  jump  to  program  memory  location  02CB-) 5. 
This  page  boundary  problem  is  common  to  all  microcomputers  that  use  absolute  paged 
addressing.  For  a  complete  discussion  of  this  problem  refer  to  Volume  I  —  Basic  Con- 
cepts, Chapter  6. 

Note  that  the  8048  has  no  instructions  which  write  into  program  memory.  If  you 
want  to  write  into  program  memory  you  must  have  external  logic  which  overlaps 
external  program  and  data  memory. 

Let  us  now  look  at  data  memory  addressing.  First  of  all.  notice  that  scratchpad 
memory  and  external  data  memory  have  overlapping  address  spaces.  Separate  and  dis- 
tinct instructions  access  scratchpad  memory  as  against  external  data  memory.  External 
data  memory  does  not  represent  a  continuation  of  scratchpad  memory.  For  example, 
there  will  be  memory  bytes  with  addresses  in  the  range  00^  through  3F16  in  the 
scratchpad  and  in  external  data  memory 

Implied  memory  addressing  is  the  only  addressing  mode  available  to  you  when  ac- 
cessing data  memory. 

Instructions  that  access  scratchpad  memory  take  the  scratchpad  memory  byte  address 
from  the  low  order  six  bits  of  General  Purpose  Register  RO  or  R1 

Instructions  that  access  external  data  memory  take  the  external  data  memory  address 
from  all  eight  bits  of  General  Purpose  Register  RO  or  R1 

The  eight  General  Purpose  registers  within  scratchpad  memory  can  be  addressed 
directly-  We  could  argue  that  this  constitutes  a  limited  scratchpad  memory  direct  ad- 
dressing capability;  but  in  order  to  remain  consistent  with  other  microcomputers  de- 
scribed in  this  book/we  will  classify  these  direct  accesses  of  General  Purpose  registers 
as  register-to-register  operations  rather  than  direct  addressing  of  data  memory. 

8048,  8748  AND  8035  STATUS 

8048  series  microcomputers  have  an  8-bit  Program  Status  Word  which  may  be  illustr- 
ated as  follows: 


1  These  four  bits  saved  on  Stack 


7    6    5    4    3    2    10 

1.1,1, 1, H  I  I 


i\    il    ii    j| 


•  Bit  No. 

>  Program  Status  Word 


■  Stack  Pointer 

(  Register  bank  select 

I  0  =  Scratchpad  bytes  0-7  selected 

\  1  =  Scratchpad  bytes  18  -  1F  selected 

•  FO,  software  flag 

•  AC,  Auxiliary  Carry 

•  C,  Carry 
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C  and  AC  are  the  standard  Carry  and  Auxiliary  Carry  statuses  as  defined  in  Volume 
I  and  used  throughout  this  book. 

FO  is  a  flag  which  you  set  or  reset  using  appropriate  Status  instructions.  A  condi- 
tional Jump  instruction  tests  the  level  of  FO.  FO  is  not  connected  to  external  logic  and 
cannot  be  modified  or  tested  by  external  logic 

BS  identifies  which  set  of  General  Purpose  registers  is  currently  selected.  If  BS  is 

0.  then  scratchpad  bytes  0  through  7  are  serving  as  General  Purpose  registers.  If  BS  is 

1,  then  scratchpad  bytes  1 8 -| e  through  ^f]Q  are  serving  as  General  Purpose  registers. 

The  low  order  three  Program  Status  Word  bits  serve  as  a  Stack  Pointer.  The  16 

Stack  bytes  are  treated  as  eight  1 6-bit  registers,  with  the  current  top  of  Stack  identified 
by  the  three  low  order  Program  Status  Word  bits. 

A  subroutine  Call  instruction  pushes  the  Program  Counter  contents  and  the  four 
high  order  Program  Status  Word  bits  onto  the  Stack  as  follows: 


Program 


11                                      0  -*m — Bit  No. 

Scratchpad 
Memory 

JXXX 

ixxx+i 

«q         Bit  No. 

|ppppqqqqrrrr] 

QQQQ  RRRR 

) 

SSSS   P  P  P  P 

7                       o   -^ —  Bit  No. 

psw  |ssss  ixxxj 

1 

7                         0 

Highest 

Scratchpad 

Address 

Lowest 

scratchpad 

address 


In  the  illustration  above  P,  Q,  R,  S  and  X  represent  any  binary  digits. 

Observe  that  the  beginning  of  the  Stack  has  the  lowest  scratchpad  address.  The  order 
in  which  Program  Status  Word  and  Program  Counter  contents  are  pushed  onto  the 
Stack  is  illustrated  above  Here  is  a  specific  case: 


pc  12     4    A 


000  -J 

FULL 

FULL 

001  | 

FULL 

FULL 

-010  \ 

4  A 

72 

€1 

100  J 

■  Beginning  of  Stack 
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You  need  to  know  the  exact  order  in  which  data  is  stored  on  the  Stack  since  the  Stack  is 
also  accessible  as  general  scratchpad  memory 

There  are  two  Return-from-Subroutine  instructions;  one  restores  Program  Counter  con- 
tents only,  the  other  restores  Program  Counter  and  Program  Status  Word  contents 

Since  the  Stack  has  eight  16-bit  registers,  subroutines  may  be  nested  eight  deep.  If  you 
are  using  interrupts,  then  the  combined  total  of  subroutine  nesting  levels  on  either  side 
of  the  interrupt  must  sum  to  7  or  less.  For  example,  if-,tha interrupt  service  routine  nests 
subroutines  to  a  maximum  level  of  3,  then  non-interrupt  programs  cannot  nest 
subroutines  to  a  level  greater  than  4  The  interrupt  itself  requires  one  Stack  location. 

8048  SERIES  MICROCOMPUTER  OPERATING  MODES 

8048  series  microcomputers  can  operate  in  a  variety  of  modes.  Many  signals 
serve  more  than  one  function,  depending  on  the  operating  mode. 

In  order  to  clarify  this  potentially  confusing  subject,  we  will  summarize  8048 
series  operating  modes  in  the  paragraphs  below,  then  we  will  summarize  device 
signals;  these  two  summaries  are  followed  by  an  in-depth  analysis  of  operating 
modes,  illustrating  timing  and  signal  functions. 


Internal  execution  mode  is  the  simplest  case;  the  8048  or  8048  AND  8748 

8748  microcomputers  normally  operate  in  Internal  Execution  INTERNAL 

mode,  at  which  time  they  execute  programs  without  access-  EXECUTION 

ing  external  program  memory  or  data  memory.  All  information  MODE 

transfer  with  external  logic  occurs  via  I/O  ports  or  control  signals-  

The  8035,  having  no  internal  program  memory,  cannot  operate  in  Internal  Execution 
mode. 

Having  external  program  memory  and/or  data  memory  causes  8048,  8748 

the  microcomputer  to  output  additional  control  signals  which  AND  8035 

identify  external  program  and  data  memory  accesses.  This  is  EXTERNAL 

External  Memory  Access  mode  Memory  addresses  are  output  via  MEMORY 

the  Bus  Port  and  four  pins  of  I/O  Port  2;  bidirectional  data  transfers  ACCESS 

occur  via  the  Bus  Port.  This  may  be  illustrated  as  follows:  MODE 


External  Memory  Access  mode  represents  the  simplest  case  for  the  8035  microcom- 
puter, which  has  no  on-chip  program  memory 
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The  8048  and  8748  microcomputers  can  be  operated  in  Debug 
mode  In  Debug  mode  the  CPU  is  disconnected  from  its  inter- 
nal program  memory.  AN  program  memory  accesses  are  deflected 
to  external  program  memory.  This  may  be  illustrated  as  follows: 


8048  AND 
8748  DEBUG 
MODE 


interna! 
Program 
Memory 


External 
Debug 
Memory 


External 
Program 
Memory 


You  will  use  Debug  mode  to  test  microcomputer  systems  built  around  an  8048  series 
microcomputer  Typically  special  purpose  test  and  verify  programs  will  be  maintained 
in  external  debug  memory. 

Single  stepping  is  not  really  a  mode,  but  is  worth  mentioning 
in  connection  with  Debug  mode  since  h,  is  a  powerful  debug- 
ging tool.  In^any  of  the  operating  modes  you  can  apply  a  Single 
Step  signal  (SS)  which  halts  instruction  execution  following  the 
next  instruction  fetch..  This  allows  you  to  execute  programs  one  in- 
struction at  a  time  in  order  to  locate  errors  or  gain  a  better  understanding  of  event  se 
quences 


8048,  8748 
AND  8035 
SINGLE 
STEPPING 


8748 

PROGRAMMING 

MODE 


8048,  8748 
AND  8035 
VERIFY  MODE 


The  8748  microcomputer  contains  Erasable  Programmable 
Read  Only  Memory  {EPROM).  In  Programming  mode  you  can 
program  the  8748  EPROM. 

Finally  there  is  a  Verify  mode.  In  Verify  mode  you  can  read  the 
contents  of  internal  or  external  program  memory  as  data. 

Verify  mode  is  used  in  conjunction  with  Programming  mode  to 
test  data  written  into  EPROMs.  Verify  mode  can  also  be  used  on  its 
own  to  examine  the  contents  of  program  memory  for  any  8048  series  microcomputer. 

8048,  8748  AND  8035  CPU  PINS  AND  SIGNALS 

Figure  6-5  illustrates  pins  and  signals  for  the  8048,  8748  and  8035  microcom- 
puters. We  will  briefly  summarize  functions  performed  by  signals  before  discuss- 
ing how  signals  are  used  in  different  modes. 

DBO  -  DB7  serves  both  as  a  bidirectional  I/O  port,  a  static  latch  and  as  a  multiplex 
ed  Address  and  Data  Bus.  When  no  external  data  or  program  memory  accesses  are  oc- 
curring, DBO-  DB7  serves  as  a  simple  bidirectional  I/O  port  or  latch.  During  external 
program  or  data  memory  accesses  DBO  -  DB7  serves  as  a  bidirectional  Data  Bus  as  well 
as  outputting  the  low  order  eight  bits  of  ail  memory  addresses.  Data  outputs  are  not 
latched  in  bidirectional  mode.  External  logic  must  hold  input  signal  levels  until  the  CPU 
has  read  input  data 
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1  40 

2  39 

3  38 

4  37 

5  36 

6  35 

7  34 

8  33 

9  8048      32 

10  8748      31 

1 1  8035      30 

12  29 

13  28 

14  27 

15  26 

16  25 

17  24 

18  23 

19  22 

20  21 

*" 

-  (  +  5V) 


T1 
P27 
P26 
P25 

P24 
P17 
P16 
P15 
P14 
P13 
~  P12 
P11 
P10 

vDd 

PROG 

P23 

P22 

P21 

P20 


PIN  NAME 
DBO  -  DB7 


P10-P17 
P20  -  P27 


PROG 
XTAL1,  XTAL2 


DESCRIPTION 

Bidirectional  I/O  port,  Data  Bus  and 
low  order  eight  Address  Bus  lines 
I/O  Port  1 

I/O  Port  2.  P20  -  P23  also  serves  as  four 
high  order  Address  Bus  lines 
External  clock  signal  and  address 
latch  enable 

Data  memory  read  control 
Data  memory  write  control 
Externa!  program  memory  read  control 
External  program  memory  access 
Single  step  control 
Test  input,  optional  clock  output 
and  Prog  ram /Verify  mode  select 
Test  input,  optional  event  counter  input 
System  reset  and  EPROM  address  latch 
Ground 
+  5V 

+  25V  to  program  8748    +  5V  standby 
for  8048  RAM 

+  25V  input  to  program  8748  Control 
output  for  4-bit  I/O 
External  crystal  connections 


TYPE 

Bidirectional,  tristate 

Quasibidirectional 

Quasibidirectional 

Output 

Output 

Output 

Output 

Input 

Input 

Bidirectional 

input 
Input 


Figure  6-5.  8048,  8748  And  8035  Microcomputer  Pins  And  Signals 

P10  -  P17  and  P20  -  P27  support  I/O  Ports  1  and  2  respectively.  We  described  the 
characteristics  of  these  two  I/O  ports  earlier  in  this  chapter  During  external  accesses  of 
program  memory  the  four  high  order  address  lines  are  output  via  P20  -  P23. 

ALE  is  a  control  signal  which  is  pulsed  high  at  the  beginning  of  every  instruction 
execution  machine  cycle.  This  signal  may  be  used  as  a  clock  by  external  logic.  During 
externa!  memory  accesses  the  trailing  edge  of  ALE  strobes  memory  addresses  being 
output 

RD  is  a  control  signal  which  is  pulsed  low  to  strobe  data  from  external  data  memory 
onto  the  Data  Bus. 
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WR  is  a  control  signal  which  is  strobed  low  when  external  data  memory  is  to  read 
data  off  the  Data  Bus. 


PSEN  is  a  control  signal  which  is  strobed  low  when  external  program  memory  is  to 
place  data  on  the  Data  Bus. 

External  logic  inputs  EA  high  in  order  to  separate  the  CPU  from  internal  program 
memory  and  force  the  microcomputer  into  Debug  mode. 

SS  is  input  low  in  order  to  stop  instruction  execution  following  an  instruction  fetch; 
this  allows  you  to  single  step  through  a  program. 

TO  is  a  test  input  which  may  be  sampled  by  a  conditional  Jump  instruction,  TO  is  also 
used  while  selecting  Program  mode  and  Verify  mode.  The  internal  CPU  clock  sig- 
nal can  be  output  via  TO. 

T1  is  a  test  input  which  can  be  sampled  by  a  Jump-on-Condition  instruction,  T1  can 
also  be  used  to  in^put  a  signal  to  Counter/Timer  logic  when  it  is  serving  as  an  event 
counter 


RESET  is  a  standard  system  reset  input  signal.  The  normal 
RESET  signal  should  be  output  from  an  open  collector  or  active 
pull-up: 


8048,  8748 
AND  8035 
RESET 


E> 


The  power-on  RESET  should  be  generated  as  follows: 

Vo- 


1K£1 


7 
1 


1/iF 

10V 


There  is  an  internal  pull-up  resistor  which,  in  combination  with  an  external  1/xF  capaci- 
tor, generates  an  adequate  interna!  RESET  pulse.  If  the  RESET  pulse  is  generated  exter- 
nally, then  it  must  be  held  below  0  5V  for  at  least  50  milliseconds. 

This  is  what  happens  when  you  reset  an  8048  series  microcomputer: 

1)  The  Program  Counter  and  the  Program  Status  Word  are  cleared  This  selects 
register  bank  0  and  program  memory  bank  0,  Also  the  first  instruction  executed 
following  a  Reset  will  be  fetched  from  program  memory  location  0, 

2)  The  Bus  Port  is  floated. 

3)  I/O  Ports  1  and  2  are  set  to  Input  mode. 

4}     The  timer  and  external  interrupts  are  disabled. 

5}     The  Counter/Timer  is  stopped  and  TO    is  disconnected  from  the  timer 

6)     The  timer  flag  and  internal  flags  F1  and  F0  are  cleared. 

An  external  crystal,  if  present,  is  connected  across  XTAL1  and  XTAL2.  Typically  a  6 
MHz  crystal  will  be  used  You  can  input  a  clock  signal  directly  to  XTAL1.  If  you  do, 

the  input  clock  signal  should  have  a  frequency  in  the  range  of  1  MHz  to  6  MHz. 
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The  8048  series  microcomputers  use  power  supplies  in  a  number  of  interesting 
ways. 

V(x  is  the  standard  +5V  power  supply  V^s  is  the  standard  ground  connection. 

Vqq  is  an  additional  +5V  standby  power  supply.  This  standby  power  supply  will 
maintain  the  contents  of  scratchpad  memory  when  all  other  power  has  been 
removed.  Typically  Vqq  will  be  connected  to  a  battery  so  that  when  the  system  is 
powered  down  data  can  be  preserved  in  scratchpad  memory  (8048  only) 

The  8748  microcomputer  uses  Vpp  and  PROG  in  order  to  program  the  EPROM. 

While  programming  the  EPROM,  a  voltage  of  +25V  is  input  at  Vqq  +25V  pulses  last- 
ing 50  milliseconds  are  input  at  PROG.  A  single  byte  of  program  memory  will  be  written 
during  a  single  PROG  +25V  pulse 

PROG  serves  as  a  control  strobe  output  to  the  8243  input/Output  Expander  during 
the  execution  of  instructions  that  reference  the  Expander  ports  This  function  of  PROG 
is  described  in  more  detail  later  in  this  chapter,  when  we  describe  the  8243  I/O  Ex- 
pander 


8048  SERIES  TIMING  AND 
INSTRUCTION  EXECUTION 


Let  us  begin  our  detailed  analysis  of  8048  series  microcomputer  operations  by 
looking  at  basic  instruction  timing. 

A  master  clock  signal  must  be  input  via  XTAL1,  or  the  clock  signal  may  be  gener- 
ated internally  by  connecting  a  crystal  across  XTAL1  or  XTAL2  A  6  MHz  crystal  is 
recommended  This  clock  signal  is  divided  by  3  to  generate  a  master  synchronizing 
2  MHz  signal  which  is  used  throughout  the  microcomputer  system.  You  can  output 
this  2  MHz  clock  signal  via  the  TO  pin. 

All  -8  versions  of  8048  series  microcomputers  operate  at  half  speed;  they  use  3 
MHz  crystals  and  generate  a  1  MHz  master  synchronizing  signal 


MCI 

MC1 

T1 
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T5 

T1 
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n. 


Output  instruction 
address 


Input 
instruction 


r\ 


Decode 

instruction 


T 


increment 
PC 


Execute  instruction 


Output  next  instruction  address 


Input 
instruction 


■h 


Increment 
PC 


Execute  instruction 


Output  next  instruction  address 


Decode 
instruction 

Figure  6-6.   Execution  Of  8048  Single  Machine  Cycle  Instructions 
Without  Any  External  Access 
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8048,  8748  AND 
8035  MACHINE 
CYCLES  AND 
CLOCK  PERIODS 


Instructions  execute  in  machine  cycles.  Every  machine  cy- 
cle has  five  clock  periods.  Using  a  2  MHz  clock  signal, 
therefore,  each  machine  cycle  will  last  2.5  microseconds.  In- 
structions execute  in  either  one  or  two  machine  cycles. 

INTERNAL  EXECUTION  MODE 

Figure  6-6  illustrates  timing  for  the  simplest  case  —  execution  of  a  single  machine 
cycle  instruction  accessing  internal  program  or  data  memory  only.  The  only  signal 
change  seen  beyond  the  microcomputer  chip  itself  is  the  ALE  pulse  —  and  the  CLK  sig- 
nal, if  you  elect  to  output  it  via  TO  The  events  which  occur  during  each  clock  period  are 
illustrated  in  Figure  6-6;  but  remember,  these  operations  are  internal  to  the  microcom- 
puter. They  are  beyond  your  access  or  control 

Figure  6-6  also  illustrates  timing  for  instructions  that  execute  in  two  machine  cycles, 
but  access  only  program  and/or  data  memory  internal  to  the  microcomputer  chip.  Once 
again  external  logic  sees  ALE.  and  optionally  CLK 


MC1 

MCI 

T1 

T2 

T3 

T4 

T5 

T1 

T2 

T3 

T4 

T5 

(TO)  CLK, 
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Instruction 

must  be 

stable 

on  DBO  -  DB7 


Instruction 

must  be 

stable 

on  DBO  -  DB7 


F  =  Floating 
A  -■  Address 
I    -  instruction  Code 
D  -  I/O  Data 


Figure  6-7.  An  8048,  8748  Or  8035  External  Instruction  Fetch 
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(TO)  CLK 


Data 

External 

Data 

output 

address 

input 

strobe 

strobe 

strobe 

External 
address 
strobe 
f     =    Floating 
/\    =    Address 
DO  =    Data  out 
D  I   =    Data  in 
These  two  machine  cycles  would  never  occur  in  the  sequence  illustrated. 
They  are  shown  together  for  comparison  only. 

Figure  6-8.  An  8048,  8748  Or  8035  External  Data  Read  Or  Write 

EXTERNAL  MEMORY  ACCESS  MODE 

Now  consider  external  program  and  data  memory  accesses. 

Figure  6-7  illustrates  timing  for  an  external  program  memory  read.  The  externa! 
program  memory  address  is  output  via  DBO  -  DB7  (low  order  eight  address  lines)  and 
P20  -  P23  (high  order  four  address  lines).  The  address  is  maintained  stable  just  long 
enough  for  external  logic  to  latch  it  on  the  high-to-low  transition  of  ALE. 

The  low  PSEN  pulse  serves  as  an  external  program  memory  read  strobe.  While  PSEN  is 
low,  external  program  memory  must  decode  the  latched  address  and  place  the  con- 
tents of  the  addressed  memory  byte  on  the  DBO  -  DB7  lines.  The  microcomputer  will 
read  DBO  -  DB7  on  the  trailing  (low-to-high)  transition  of  PSEN. 

Timing  associated  with  reading  data  from  external  data  memory  and  writing  to  ex- 
ternal data  memory  is  illustrated  in  Figure  6-8.  Timing  is  very  similar  to  the  external 
instruction  fetch  illustrated  in  Ficjure  6-7.  Instead  of  PSEN  being  pulsed  low,~RD  is 
pulsed  low  to  strobe  data  input;  WR  is  pulsed  low  to  strobe  data  output.  Since  the  total 
external  data  memory  address  space  is  256  bytes,  the  complete  address  is  transmitted 
via  DBO  -  DB7;  thus  P20  -  P23  is  inactive  during  an  access  of  external  data  memory 
Note  that  the  8048  series  microcomputers  have  no  Wait  state. 
External  memory  must  therefore  respond  to  read  or  write  opera- 
tions within  the  allowed  time.  This  is  not  much  of  a  problem  since 
8048  series  microcomputers  operate  relatively  slowly;  most  stan- 
dard memory  devices  will  have  no  trouble  meeting  timing  requirements,  If  you  want  to 
use  slower  memories,  use  the  slower  5  microsecond  machine  cycle  versions  of  the 
8048  microcomputers. 


8048 
WAIT 
STATE 
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8048 
8748 


P23 

PSEN 

RD 

WR 


^DBO  -  DB7  ADO  -  AD7^ 

P20  -  P22  A8  -  A10^ 


8355 
8755 


CE 
RD_ 
IOR 

low 

CE 


^  PAO  -  PA7  \ 

Q  PBO  -  PB7  \ 


Signals  not  directly  involved  in  the  8048-8355  interface  are  not  shown. 

Figure  6-9    An  8048-8355  Configuration 


— (Program 

PSEN    memory) 

RD    (  (Data 

memory) 


Figure  6-10    Demultiplexing  DBO  -  DB7  To  Create  Separate 
Address  And  Data  Busses 
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Let  us  examine  microcomputer  configurations  that  include  external  memory. 

Vendor  literature  illustrates  complex  microcomputer  systems  built  around  8048 
series  microcomputers;  while  such  large  microcomputer  systems  are  certainly 
feasible,  they  are  not  advisable.  If  you  are  going  to  expand  an  8048  series 
microcomputer  system  to  more  than  two  or  three  devices,  in  all  probability  an 
8085  system  would  be  more  economical  and  powerful  —  not  to  mention  a  number 
of  other  microcomputers  described  in  this  book.  We  will  therefore  confine  our- 
selves to  illustrating  2-  and  3-chip  configurations. 

Figure  6-9  illustrates  an  8048-8355  (or  8755)  configuration.  The  8355  (or  8755)  is 
a  multifunction  support  device  described  in  Chapter  5. 

Figure  6-10  shows  how  you  can  connect  standard  memory  devices  to  an  8048 
series  microcomputer. 

Let  us  examine  Figure  6-9.  The  8048  Bus  Port  is  directly  compatible  with  ADO  -  AD7 
the  multiplexed  Data  and  Address  Bus  of  the  8355  device 


8355  OR  8755 
CONNECTED 
TO  AN  8048, 
8748  OR  8035 


The  three  high  order  address  lines  required  by  the  8355,  A8,  A9 
and  A10,  are  taken  directly  from  P20,  P21  and  P22,  P23,  the  high 
order  address  line  output  by  the  8048,  is  used  to  enable  the  8355. 
As  shown  in  Figure  6-9  this  means  the  8355  will  respond  to  ad- 
dresses in  program  memory  bank  1.  If  you  are  usina^an  8035 
microcomputer,  then  P23  could  be  connected  to  the  CE  enable  pin  of  the  8355,  now 
the  8355  will  respond  to  addresses  in  program;  memory  bank  0  It  would  make  little 
sense  having  the  8355  respond  to  addresses.in  program  memory  bank  0  when  using  an 
8048  or  8748,  because  the  first  1024  bytes  of  program  memory  are  internal  to  these 
microcomputers;  that  means  the  first  1024  bytes  of  8355  memory  would  never  be  ac- 
cessed 

Control  signals  needed  to  read  data  out  of  8355  program  memory  are  easily  derived 
The  8048  ALE  output  is  exactly  what  is  needed  for  the  8355  ALE  input  The  memory 
strobe  RD  required  by  the  8355  is  adequately  generated  by  the  PSEN  output  of  the 
8048. 

You  can  also  access  the  8355  I/O  ports  by  connecting  the  RD  and  WR  outputs  of 
the  8048  to  the  10R  and  IOW  inputs  of  the  8355;  the  iORjind  IOW  control  inputs 
of  the  8355  were  specifically  designed  for  this  purpose.  RD  and  WR  control  signals 
are  generated  by  the  8048  series  microcomputers  in  order  to  access  data  memory  ex- 
ternal to  the  microcomputer  device  itself  Thus  the  I/O  ports  of  the  8355  device  must  be 
accessed  within  the  address  space  of  external  data  memory.  In  Figure  6-9  externa!  data 
memory  addresses  0,  1,  2  and  3  will  access  the  8355  I/O  ports  — and  their  respective 
Data  Direction  registers.  Of  course,  the  8355  I/O  ports  can  be  accessed  only  while  the 
8355  is  selected- — via  a  high  CE  input 

In  order  to  attach  standard  memory  devices  to  an  8048  series 
microcomputer  you  must  demultiplex  the  DBO  -  DB7  lines  to 
create  separate  Data  and  Address  Busses.  Figure  6-10  shows 
how  to  do  this  using  two  8212  I/O  ports.  8212  I/O  port  opera- 
tions are  described  in  Chapter  4.  In  Figure  6-10  the  82 1 2  I/O  ports 
are  being  used  as  simple  output  ports  without  handshaking.  By 
tying  STB  and  MD  high  the  821 2  I/O  ports  will  output  whatever  is 
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being  input  while  the  device  is  selected.  We  use  the  ALE  signal  to  complete  selection  of 
the  8212  I/O  ports;  thus  while  ALE  is  high  the  two  ports  are  selected 

Timing  may  be  illustrated  as  follows 


8212 

Ports 

Selected 


DBO  -  DB7         F 


P20  -  P23         D 


IH 


T~-^r 


Thus  the  8212  ports  output  DBO-  DB7  or  P20  -  P23  levels  latched  while  ALE  is  high 
Once  ALE  goes  low  8212  port  outputs  remain  constant 

But  there  are  a  few  subtleties  associated  with  Figure  6-10. 

When  an  8048  series  microcomputer  is  accessing  external  program  memory,  a  12-bit 
address  is  output  via  DBO  -  DB7  and  P20  -  P23;  therefore  the  entire  Address  Bus  is 
needed  as  illustrated   A  low  PSEN  pulse* serves  as  the  externa!  memory  read  strobe 

When  8048  series  microcomputers  access  external  data  memory,  however,  only 
DBO-  DB7  is  affected,  Thus  the  second  8212  I/O  port  creates  address  lines  A8-A15 
which  will  carry  the  most  recent  data  output  to  I/O  Port  2  —  for  example,  you  may  set 
all  I/O  Port  2  pins  to  0  during  initialization.  If  I/O  Port  2  is  undefined,  spurious  selection 
of  program  memory  will  result  in  configurations  that  include  external  program  and  data 
memory.  At  the  time  ALE  is  output  as  a  high  pulse  no  other  signals  indicate  whether  the 
subsequent  memory  access  will  involve  program  memory  or  datamemory  It  is  only  the 
separate  control  strobes  —  PSEN  for  program  memory,  WR  and  RD  for  data  memory  — 
that  insure  the  correct  memory  module  will  be  accessed  If  your  8048  program  uses  I/O 
Port  2  for  data  output  as  well  as  for  external  memory  addressing,  you  should  buffer  the 
System  Bus;  make  sure,  in  this  case,  that  the  System  Bus  has  sufficient  capacity  to  han- 
dle two  selected  memory  devices  simultaneously 

Even  though  two  memory  devices  may  be  selected  simultaneously,  you  will  not  run  into 
memory  access  conte_ntions  since  program  memory  is  strobed  by  PSEN  while  data 
memory  is  strobed  by  RD  and  WR  Only  one  of  these  signals  will  be  active  at  any  time. 

DEBUG  MODE 

You  can  bypass  program  memory  internal  to  the  8048  or  8748  by  inputting  a  high 
signal  at  EA.  While  EA  is  high,  timing  for  all  program  memory  accesses  will  con- 
form to  external  program  memory  accesses  as  illustrated  in  Figure  6-7.  You  may 
change  the  level  of  EA  only  when  RESET  is  low;  that  is,  you  cannot  switch  between 
internal  and  external  memory  during  program  execution 

Here  is  one  of  the  ways  in  which  you  may  use  Debug  mode: 

In  user  end  products  an  external  memory  device  may  contain  test  and  verify  programs 
A  service  representative  will  execute  these  test  and  verify  programs  by  applying  a  high 
input  at  EA.  For  example,  you  could  connect  an  8355  multifunction  device  to  the  8048, 
selecting  it  via  program  memory  bank  0.  If  EA  is  taken  out  to  a  switch,  a  serviceman  will 
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be  able  to  execute  programs  out  of  the  first  1024  bytes  of  8355  program  memory,  in- 
stead of  internal  8048  or  8748  memory. 

EA  is  also  used  by  programming  and  verification  modes.  This  use  of  EA,  however, 
has  nothing  to  do  with  Debug  mode. 

SINGLE  STEPPING 

If  you  input  a  low  signal  at  SS,  then  when  ALE  next  pulses  high,  it  will  stay  high  until  SS 
returns  high.  While  ALE  is  high,  instruction  execution  ceases  and  the  current  Program 
Counter  contents  are  output  via  DBO  -  DB7  and  P20  -  P23.  Timing  may  be  illustrated  as 
follows: 


P20  -  P23 


1/2  7400 

Figure  6-11.   An  8048  Single  Step  Circuit 


1/2  7474 


The  CPU  only  tests  SS  level  while  ALE  is  high,  Atother  times  SS  level  is  irrelevant 

Single  stepping  is  an  8048  program  debugging^aid.  Intel  literature  suggests  the 
circuit  illustrated  in  Figure  6-1 1  to  create  an  SS  signal  that  is  initiated  by  an  ALE 
pulse  and  terminated  by  a  push  button. 

If  you  do  not  wish  to  single  step,  then  connecting  the  Single  Step  switch  in  the  Run 
position  will  hold  PRESET  at  ground,  which  forces  the  Q  output  high;  instructions  will 
execute  normally.  With  the  Single  Step  switch  in  the  Single  Step  position  PRESET  is 
held  high;  now  the  ALE  input  to_CLEAR  becomes  active.  As  soon  as  ALE  goes  low  the  Q 
output  is  also  driven  low;  thus  SS  is  low.  The  low  SS  is  detected  on  the  next  high  ALE 
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pulse,  at  which  time  ALE  remains  high  and  the  cycle  is  stopped  This  condition  persists 
until  the  push  button  is  depressed-  Depressing  the  push  button  creates  a  low-to-high 
clock  transition  which  forces  SS  high  — thus  terminating  the  stopped  condition.  You, 
as  a  user,  will  see  a  program  advance  one  instruction  every  time  you  press  the 
push  button. 

While  the  8048  is  stopped  in  a  single  step,  the  current  Program  Counter  contents 
are  output  via  the  Bus  Port  {DBO  -  DB7)  and  P20  -  P23.  The  Bus  Port  output  presents 
no  problem  since  you  would  expect  to  see  address  information  output  at  this  time.  But 
if  I/O  Port  2  is  being  used  as  a  regular  I/O  port  then  prior  data  present  on  lines 
P20  -  P23  will  not  be  available  during  the  address  output  Thus  if  you  wish  to  view 
I/O  data  output  while  single  stepping,  you  must  latch  I/O  Port  2  data  externally. 

■™    "IAAAAAAAAAAAAAAA 
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Figure  6-1 2    8748  EPROM  Programming  And  Verification  Timing 

PROGRAMMING  MODE 

Of  the  8048  microcomputer  series,  only  the  8748  program  memory  can  be  written 
into.  We  will  now  examine  the  way  in  which  the  8748  EPROM  is  programmed  and 
verified. 

In  all  probability,  you  will  program  an  8748  memory  using  a  development  tool 
which  automates  the  entire  process.  That  being  the  case,  the  event  sequence 
which  we  are  about  to  describe  is  not  particularly  interesting  to  you,  since  it  is 
taken  care  of  by  the  PROM  programmer.  But  if  you  build  your  own  PROM  program- 
mer, or  if  for  any  reason  you  need  to  understand  the  PROM  programming  se- 
quence, then  read  on. 

While  programming  and  verifying  the  EPROM.  you  should  input  a  clock  signal  at 
XTAL1  with  a  frequency  between  1  and  6  MHz;  you  can  also  use  the  on-chip  oscillator 
at  this  time. 

Operations  now  proceed  one  byte  at  a  time;  you  write  a  byte  into  program  memory, 
then  you  verify  that  the  data  has  been  written  correctly 
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In.  the  discussion  which  follows,  refer  to  Figure  6-12  which  illustrates  timing  for  the  pro- 
gram/verify sequence. 

Step  1.  Initially  +5V  is  input  at  VDD,  TO  and  EA.  RESET  is  held  at  ground.  Under 
these  conditions  you  insert  the  8748  into  the  programming  socket  You 
must  make  certain  to  insert  the  8748  correctly.  If  you  insert  the  8748  in- 
correctly you  will  destroy  it. 

Step  2.      TO  is  pulled  to  ground;  this  selects  Programming  mode 
Step  3       +25V  is  applied  to  EA  This  activates  Programming  mode. 
Step  4.       A  1 0-bit  memory  address  is  applied  via  DBO  -  DB7  and  P20  -  P23.  Remember 
there  are  1024  bytes  of  program  memory  on  the  8748  device.  The  low  order 
eight  address  bits  are  input  via  DBO  -  DB7  while  the  two  high  order  address 
bits  are  input  via  P20  and  P21, 

Step  5       +5V  is  applied  at  RESET  This  latches  the  address. 

Step  6.  The  data  to  be  written  into  the  addressed  programmed  memory  byte  is  input 
atDB0~DB7 

Step  7.  In  order  to  write  the  data  into  the  addressed  program  memory  byte  apply 
+25V  to  Vprj,  then  ground  PROG,  then  apply  a  +25V  pulse  at  PROG;  the 
+25V  pulse  at  PROG  must  last  at  least  50  milliseconds. 

Step  8  Now  reduce  Vqq  to  +5V  Programming  is  complete  and  verification  is  about 
to  begin 

Step  9.  In  order  to  verify  the  data  just  written,  apply  +5V  to  the  TO  input  This  selects 
Verify  mode. 

Step  10.  As  soon  as  Verify  mode  has  been  selected,  the  data  just  written  is  output  on 
DBO  -  DB7.  You  must  read  and  verify  this  data  using  appropriate  external  cir- 
cuitry Verification  is  now  complete 

In  order  to  write  into  the  next  memory  byte,  select  Programming  mode  again  by  con- 
necting TO  and  RESET  to  ground;  then  return  to  Step  3 

Repeat  the  program/verify  sequence,  byte-by-byte,  until  the  entire  program  memory 
has  been  written  into 

In  order  to  erase  the  EPROM  expose  it  to  ultraviolet  light  for  a  minimum  of  20 
minutes. 

VERIFICATION  MODE 

You  can  verify  the  contents  of  8048  or  8748  program  memory  at  any  time. 

When  verifying  program  memory  contents  for  an  8748  microcomputer,  you  enter  the 
Verify  mode  by  applying  +25V  to  the  EA  pin  and  +5V  to  the  TO  pin  RESET  must  be 
held  at  ground  while  you  apply  +5V  to  the  TO  pin 

Using  an  8048  microcomputer  you  enter  the  Verify  mode  by  applying  +  12V  to  the  EA 
pin 

Once  in  the  Verify  mode,  place  the  address  of  the  program  memory  location  which  is  to 
be  read  at  DBO  -  DB7  and  P20  -  P2 1 . 


Latch  this  address  by  applying  +5V  to  RESET. 

While  RESET  is  high  the  contents  of  the  addressed  program  memory  location  are  out- 
put via  DB0-DB7. 
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You  may  repeat  the  verification  process,  byte-by-byte 
Verification  timing  is  illustrated  as  follows: 

i(  +  5V,  8748  only) 


i  only)     f™ 


A-J" 


(+  2BV  8748  \ 
+  12V  8048 y 


fl  Data  Out         |        Address       ^        Data  Out         ^ 


P20-P21 


INPUT/OUTPUT  PROGRAMMING 

8048  series  microcomputers  have  three  I/O  ports,  the  physical  characteristics  of 
which  we  have  already  described  Instructions  allow  you  to  input  or  output  Ac- 
cumulator data  via  any  one  of  the  three  I/O  ports  You  can  also  directly  mask  data 

resident  at  an  I/O  port  using  an  AND  mask  or  an  OR  mask. 

There  are  two  types  of  input/output  beyond  the  8048  series  microcomputer  chip 
itself. 

The  low  order  four  bits  of  I/O  Port  2  may  be  connected  to  the  8243  Input/Output 
Expander  which  has  four  individually  addressable  4-bit  I/O  ports.  The  8243  In- 
put/Output Expander  is  described  later  in  this  chapter 

You  can  also  implement  I/O  ports  within  the  external  data  memory  address  space. 

We  have  already  seen  how  you  do  this  using  an  8355  multifunction  device  connected 
to  an  8048  series  microcomputer  In  this  particular  case  the  two  I/O  ports  of  the  8355 
device  are  addressed  as  external  data  memory  locations  0  and  1  Any  other  implemen- 
tation of  external  I/O  ports  is  allowed;  however  in  every  case  the  I/O  ports  must  be  ad- 
dressed as  externa!  data  memory  bytes  using  external  data  memory  access  instructions 

HOLD  STATE 

There  is  no  Hold  state  that  external  logic  can  induce  in  an  8048  series  microcom- 
puter. This  is  not  unreasonable,  since  the  purpose  of  the  Hold  state  is  to  enable 
direct  memory  access  operations  —  which  would  make  little  sense  in  a 
microcomputer  system  as  small  as  an  8048,  which  has  a  maximum  of  256  exter- 
nal data  memory  bytes. 
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COUNTER/TIMER  OPERATIONS 

All  8048  series  microcomputers  have  an  internal  Counter/Timer.  Counter/Timer 
logic  may  be  illustrated  as  follows: 


CLK- 


— ° «H     I      I      I      I      I      I      I     h- •- -£}  Time  ou,  „a3 

''  Increment  8-bit  register  V £&<     -Timeout 

register  on  interrupt  request 

CLKorTI 
high-to-low 
transition 

The  Counter/Timer  register  is  8  bits  wide;  it  is  accessed  via  the  Accumulator.  Instruc- 
tions move  Accumulator  contents  to  the  Counter/Timer  register,  or  move 
Counter/Timer  register  contents  to  the  Accumulator 

Generally  stated,  this  is  how  the  Counter/Timer  works: 

You  begin  by  loading  an  initial  value  into  the  Counter/Timer  register.  Next  you  start  the 
Counter/Timer  by  executing  the  STRT  T  or  STRT  CNT  instruction.  The  Counter/Timer 
will  increment  continuously  until  stopped  by  a  Stop  Counter/Timer  instruction. 
Whenever    the    Counter/Timer    increments    from    FF-ig    to    00^,    it    activates    a 
Counter/timer  interrupt  request  and  sets  a  time  out  flag.  If  the  Counter/Timer  interrupt 
has  been  enabled,  then  program  execution  will  branch  to  the  appropriate  interrupt  ser- 
vice routine.  If  the  Counter/Timer  interrupt  has  not  been  enabled,  then  you  must  test 
for  a  time  out  by  executing  the  JTO  Branch-on-Condition  instruction 
You  can  operate  the  Counter/Timer  as  a  Counter  or  as  a  Timer.  The  STRT  T  instruc 
tion  operates  the  Counter/Timer  as  a  Timer,  in  which  case  the  internal  system  clock 
increments  the  Timer  register  every  80  microseconds,  assuming  a  6  MHz  crystal. 
You  operate  the  Counter/Timer  as  a  Counter  by  executing  the  STRT  CNT  instruction 
Now  high-to-low  transitions  of  a  signal  input  at  T1  increment  the  Counter.  The 
minimum  time  interval  between  high-to-low  T1  transitions  is  7.5  microseconds  There 
is  no  maximum  delay  between  T1  high-to-low  transitions.  Once  T1  goes  high  it  must  re- 
main high  for  at  least  500  nanoseconds, 

You  operate  the  Counter/Timer  as  a  Counter  by  executing  the  STRT  CNT  instruction 
Now  high-to-low  transitions  of  a  signal  input  at  T1  increment  the  Counter  The 

minimum  time  interval  between  high-to-low  T1  transitions  is  7.5  microseconds  There 
is  no  maximum  delay  between  T1  high-to-low  transitions.  Once  T1  goes  high  it  must  re- 
main high  for  at  least  100  nanoseconds. 

You  execute  the  STOP  TCNT  instruction  to  stop  the  Counter/Timer,  whether  it  is 
operating  as  a  Counter  or  as  a  Timer. 

Here  is  an  instruction  sequence  which  initiates  the  Counter/Timer  operating  as  a 
Timer  with  interrupts  enabled: 

MOV  A,#TSTART  ;LOAD  INITIAL  COUNTER/TIMER  CONSTANT 

MOV  T,A 

EN  TCNTI  ;ENABLE  TIMER  INTERRUPT 

STRT  T  ;START  THE  TIMER 
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MOV 

A.#- 

MOV 

T.A 

STRT 

CNT 

The  following  instruction  sequence  operates  the  Counter/Timer  as  a  Counter  with  inter- 
rupts disabled: 

DIS  TCNTI  ;DISABLE  COUNTER   INTERRUPT   EARLY   IN   PRO- 

GRAM 

.LOAD  INITIAL  COUNTER/TIMER  CONSTANT 

;START  COUNTER 

INTERNAL  AND  EXTERNAL  INTERRUPTS 

The  8048  has  a  simple  interrupt  scheme  that  is  effective  and  adequate  for  small 
microcomputer  systems.  Interrupts  can  originate  from  one  of  three  sources: 

1)  A  Reset  This  is  a  nonmaskable  interrupt. 

2)  An  externa!  interrupt  induced  by  setting  INT  low 

3)  A   Counter/Timer   interrupt  which    is   automatically    requested   every   time   the 
Counter/Timer  register  increments  fromFF-jg  to  00-j'g. 

External  interrupts  and  Counter/Timer  interrupts  can  be  enabled  and  disabled  in- 
dividually 

When  any  one  of  the  three  interrupt  requests  is  acknowledged,  the  microcom- 
puter executes  a  Call  instruction  to  one  of  these  three  locations: 

Reset:    CALL  0 

External  interrupt:    CALL  3 

Counter/Timer  interrupt:    CALL  7 

The  Reset  interrupt  always  has  highest  priority  and  cannot  be  disabled. 

If  an  External  interrupt  request  and  a  Counter/Timer  interrupt  request  occur 
simultaneously,  the  External  interrupt  will  be  acknowledged  first.  When  either  an  Ex- 
ternal interrupt  or  a  Counter/Timer  interrupt  is  acknowledged,  all  interrupts  (ex- 
cept Reset)  are  disabled  until  an  RETR  instruction  is  executed.  Within  an  External 
or  Timer  interrupt  service  routine  you  cannot  enable  interrupts  under  program  con- 
trol. This  may  be  a  problem  if  you  are  using  the  Timer  and  External  interrupts  in  Timer 
sensitive  applications.  If  execution  time  for  an  External  interrupt's  service  routine  ex- 
tends over  more  than  one  Counter/Timer  time  out,  then  you  will  fail  to  detect  one  or 
more  time  outs.  The  simplest  way  of  resolving  this  problem  is  to  make  sure  that  your  Ex- 
ternal interrupt  service  routines  are  very  short  —  executing  in  75%  of  the 
Counter/Timer  interval,  or  less.  If  this  is  not  feasible,  then  you  must  monitor  the 
Counter/Timer  by  testing  its  time  out  flag  rather  than  by  using  Counter/Timer  interrupt 
logic.  You  can  execute  the  JTF  conditional  Jump  instruction  at  frequent  intervals  with- 
in the  main  program  and  interrupt  service  routines,  thus  catching  time  outs  irrespective 
of  when  they  occur. 

You  can  re-enable  interrupts  within  an  interrupt  service  routine  by  executing  a 
dummy  RETR  instruction.  Here  is  an  appropriate  instruction  sequence: 

START  OF  INTERRUPT  SERVICE  ROUTINE 

;RE-ENABLE  INTERRUPTS 


CALL 

ENAB 

EN 

I 

EN 

TCNTI 

END  OF  INTERRUPT  SERVICE  ROUTINE 
ENAB      RETR 
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Enabling  interrupts  within  a  service  routine,  as  illustrated  above,  is  not  recom- 
mended in  an  8048  microcomputer  system 

Two  problems  need  to  be  resolved  when  using  external  interrupts  in  an  8048 
series  microcomputer  system:  an  interrupt  acknowledge  must  be  created  and  in 
multiple  interrupt  configurations  we  must  be  able  to  identify  the  interrupting 

source. 

8048  series  microcomputers  have  no  interrupt  acknowledge  signal.  An  interrupt 
acknowledge  signal  must  be  created;  otherwise  external  logic  does  not  know  when  to 
remove  its  interrupt  request  And  if  the  interrupt  request  remains  after  an  RETR  instruc- 
tion executes,  the  interrupt  will  be  reacknowledged.  The  only  straightforward  way  of 
acknowledging  an  interrupt  is  to  assign  one  of  the  I/O  port  pins  to  serve  as  an  in- 
terrupt acknowledge  signal.  The  external  interrupt  service  routine  will  begin  by  out- 
putting  an  appropriate  high  pin  signal.  Here  is  one  possibility: 

ORL  P1,#80H         ;SET  PIN  7  OF  I/O  PORT  1  HIGH 

ANL  P1.#7FH         ;RESET  PIN  7  OF  I/O  PORT  1  LOW 

Here,  the  output  at  pin  7  of  I/O  Port  1  is  a  high  pulse  with  a  duration  of  two  machine  cy- 
cles (5  0  microseconds). 

But  remember,  if  you  use  an  I/O  port  pin  as  an  interrupt  acknowledge,  you  cannot  use 
the  same  pin  to  perform  standard  I/O  operations. 

if  there  are  many  external  devices  which  can  request  interrupt  service,  then  the  most 
effective  way  of  handling  multiple  interrupts  is  via  a  daisy  chain.  Daisy  chain  logic  has 
been  discussed  in  Volume  I  —  Basic  Concepts.  The  acknowledged  device  in  the  daisy 
chain  must  create  a  device  code  that  is  input  to  an  I/O  port,  Figure  6-13  illustrates  a 
scheme  whereby  eight  devices  in  a  daisy  chain  may  request  interrupt  service,  and 
upon  being  acknowledged,  the  selected  device  will  input  a  unique  code  to  I/O  Port 
1.  The  high  order  bit  of  I/O  Port  1  serves  as  an  interrupt  acknowledge.  I/O  Port  1,  bits  0, 
1  and  2    receive  as  inputs  a  3-bit  code  identifying  the  acknowledged  device. 

The  daisy  chain  logic  in  Figure  6-13  is  created  using  a  chain  of  eight  AND  gates  and 
eight  NAND  gates  The  AND  gates  are  chained  in  order  of  priority,  with  INTO  having  the 
highest  priority  and  INT7  having  the  lowest  priority  The  first  NAND  gate  receives  as  its 
inputs  INTO  and  the  acknowledge  signal  output  via  pin  7  of  I/O  Port  1.  Subsequent 
NAND  gates  receive  as  their  inputs  an  interrupt  request  signal,  the  acknowledge  signal 
and  the  output  of  the  previous  AND  gate.  The  output  of  each  NAND  gate  becomes  an 
interrupt  acknowledge  signal  which  is  low  true.  Thus  in  Figure  6-13  there  are  eight  low 
true  interrupt  requests,  represented  by  signals  INTO  through  INT7,  and  there  are  eight 
low  true  interrupt  acknowledges,  represented  by  IACK0  through  IACK7,  Each  external 
device  capable  of  requesting  an  interrupt  must  output  a  low  true  INTN  which  it 
removes  upon  receiving  a  low  true  IACKN.  For  device  3  this  may  be  illustrated  as 
follows: 


d; 


The  eight  interrupt  request  signals  INTO  through  INT7  are  input  to  an  AND  gate.  The 
AND  gate  generates  a  master  low  true  interrupt  request  INT  If  any  one  or  more  of  the 
INTN  signals  are  low,  then  the  AND  gate  will  output  a  low  INT. 

The  eight  interrupt  acknowledge  signals  IACK0  -  IACK7  are  input  to  an  8-to-3  Decoder. 
The  8-to-3  Decoder  will  receive  seven  high  signals  and  one  low  signal.  The  one  low  sig- 
nal will  be  identified  by  the  decoder  3-bit  output  which  is  transmitted  to  pins  0,  1  and  2 
of  I/O  Port  1. 
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This  then  is  the  event  sequence  associated  with  an  interrupt  request: 
1)     INT  is  input  low  to  the  8048. 

The  interrupt  is  acknowledged  by  the  CPU  which  branches  to  an  interrupt  service 


routine 

The  first  instruction  of  the  interrupt  service  routine  outputs  a  low  level  via  pin  7  of 
I/O  Port  1 . 

The  interrupt  service  routine  receives  back,  via  pins  0,  1  and  2  of  I/O  Port  1,  the 
device  code  for  the  acknowledged  device.  You  must  make  sure  that  the  program 
being  executed  gives  external  logic  time  to  return  this  code.  You  may  have  to  insert 
No  Operation  instructions  to  create  the  necessary  time  delay. 

5)  A  high  level  is  output  via  pin  7  of  I/O  Port  1 

6)  Using  the  code  input  via  pins  0,  1  and  2  of  I/O  Port  1.  branch  to  the  appropriate  in- 
terrupt service  routine. 

Here  is  the  initial  instruction  sequence  required  by  the  logic  of  Figure  613: 

ORG  3 

;START  OF  INTERRUPT  SERVICE  ROUTINE 
JMP  EXTINT 


ORG 

EXTINT 

ANL 

P1.#7FH 

NOP 

IN 

A.P1 

ORL 

P1.#80H 

ANL 

A,#7 

JMPP 

<$A 

SET  I/O  PORT  1  PIN  7  LOW 

ALLOW  SETTLING  TIME 

INPUT  PORT  1  CONTENTS 

SET  I/O  PORT  1  PIN  7  HIGH 

CLEAR  ALL  ACCUMULATOR  BITS  BAR  0,  1  AND  2 

JUMP  TO  IDENTIFIED  INTERRUPT  SERVICE  ROUTINE 

Let  us  examine  the  interrupt  service  routine  beginning  instruction  sequence  il- 
lustrated above. 

When  an  8048  series  microcomputer  is  initially  reset,  all  I/O  port  pins  output  high 
levels.  Thus  you  do  not  have  to  initialize  pin  7  of  I/O  Port  1  to  a  high  level. 

We  actually  identify  one  of  eight  device  interrupt  service  routines  by  creating  a  3-bit 
code  in  bits  1,  2  and  3  of  the  Accumulator  We  then  perform  an  indirect  Jump.  This 
Jump  instruction  will  branch  to  a  location  on  the  current  page  of  program  memory;  the 
address  is  fetched  from  the  location  in  the  current  page  addressed  by  the  Accumulator 
contents.  We  illustrated  this  addressing  technique  earlier  in  the  chapter 

Given  the  instruction  sequence  illustrated  above,  the  first  eight  program  memory  loca- 
tions on  the  same  page  of  the  JMPP  instruction  must  be  set  aside  for  eight  addresses; 
these  are  the  starting  addresses  for  the  interrupt  service  routines.  This  may  be  illustr- 
ated as  follows; 


ORG 

#0300H 

DB 

ISO 

ADDRESS  OF 

DB 

IS1 

ADDRESS  OF 

DB 

IS2 

ADDRESS  OF 

DB 

IS3 

ADDRESS  OF 

DB 

IS4 

ADDRESS  OF 

DB 

IS5 

ADDRESS  OF 

DB 

IS6 

ADDRESS  OF 

DB 

IS7 

ADDRESS  OF 

EXTINT  ANL 

#7FH 

SET  I/O  PORT 

INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
INTERRUPT  SERVICE 
1  PIN  7  LOW 


ROUTINE  0 
ROUTINE  1 
ROUTINE  2 
ROUTINE  3 
ROUTINE  4 
ROUTINE  5 
ROUTINE  6 
ROUTINE  7 
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IACK  (P17) 
iNTO 
INT1 
INT2 
INT3   ' 
"lNT4    ■ 
JNT5   ■ 
(NT6    " 
INT7    ' 


!1 

|-         74,48 
12 

u 

10 


GS 
EO 


A2 
A1 
AOl 


G2A 
JG2B 
G1 


74LS138     — 


Z> 


-P10 

-P11 

-P12 

INT 
"  to  CPU 


9318,  74148 

FUNCTION  TABLE 

INPUTS 

OUTPUTS 

ii 

10 

11 

12 

13        14       15 

16        17 

A2 

A1      AO 

GS 

EO 

H 

X 

X 

X 

XXX 

X        X 

H 

H        H 

H 

H 

L 

H 

H 

H 

H        H        H 

H        H 

H 

H        H 

H 

L 

L 

X 

X 

X 

XXX 

X        L 

L 

L         L 

H 

L 

X 

X 

X 

XXX 

L        H 

L 

L         H 

H 

L 

X 

X 

X 

XXL 

H        H 

L 

H         L 

H 

L 

X 

X 

X 

X        L        H 

H        H 

L 

H         H 

H 

L 

X 

X 

X 

L         H        H 

H        H 

H 

L         L 

H 

L 

X 

X 

L 

H        H        H 

H        H 

H 

L        H 

H 

L 

X 

L 

H 

H        H        H 

H        H 

H 

H         L 

H 

L 

L 

H 

H 

H        H        H 

H        H 

H 

H        H 

H 

74L! 

3138 

,  74S1 

38     FUNCTION  TABLE 

INPUTS 

OUTPUTS 

ENABLE 

SELECT 

G1     G2* 

C        B 

A 

_ 

— 

*Y2     ^3     ~Y4 

Y5 

Y6 

Y7 

X        H 

X        X 

X 

H 

H 

H        H        H 

H 

H 

H 

L        X 

X        X 

X 

H 

H 

H        H        H 

H 

H 

H 

H        L 

L         L 

L 

L 

H 

H        H        H 

H 

H 

H 

H         L 

L         L 

H 

H 

L 

H        H        H 

H 

H 

H 

H        L 

L         H 

L 

H 

H 

L         H        H 

H 

H 

H 

H         L 

L         H 

H 

H 

H 

H         L         H 

H 

H 

H 

H         L 

H         L 

L 

H 

H 

H        H         L 

H 

H 

H 

H         L 

H         L 

H 

H 

H 

H        H        H 

L 

H 

H 

H         L 

H        H 

L 

H 

H 

H        H         H 

H 

L 

H 

H         L 

H         H 

H 

H 

H 

H        H         H 

H 

H 

L 

*G2  =  G2A  V  G2B 

H  =  high  level,  L  =  low  level,  X  =  irrelevant 

Figure  6-14.  A  Low  Chip  Count  Implementation  Of  An  Eight-Device  Daisy  Chained 
Interrupt  Request/Acknowledge  Scheme 
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The  daisy  chained  interrupt  scheme  discussed  above  can  also  be  implemented 
using  the  circuit  in  Figure  6-14.  The  advantage  of  this  circuit  is  that  it  requires 
fewer  chips  than  the  circuit  of  Figure  6-13.  As  far  as  the  8048  program  is  con- 
cerned, however,  the  two  circuits  are  identical. 

The  !NT  and  device  code  inputs  are  generated  in  exactly  the  same  way.  However,  an 
eighHine-to-three-line  priority  encoder  (9318  or  74148)  replaces  the  network  of  AND 
gates.  As  the  function  table  for  the  encoder  shows,  the  device  code  output  on  lines  A2, 
A1  and  AO  is  that  of  the  highest  priority  request  The  CPU  enables  the  code  outputs  by 
sending  the  acknowledge  signal. 

In  Figure  6-13,  a  network  of  NAND  gates  generated  the  low  true  interrupt  acknowledge 
signal  to  inform  the  appropriate  device  that  its  interrupt  was  being  serviced.  In  Figure 
6-14,  a  three-line-to-eight-line  decoder  {74S1 38  or  74LS1 38)  translates  the  device  code 
output  by  the  encoder  and  sets  the  corresponding  acknowledge  line  low,  as  is  shown  in 
the  function  table  for  the  decoder. 

Connecting  the  enable  inputs  as  shown  prevents  spurious  acknowledgements  or  phan- 
tom device  codes,  provided  that  the  CPU  gives  the  external  devices  time  for  response 
and  propagation  delay- 

THE  8048  MICROCOMPUTER  SERIES 
INSTRUCTION  SET 

Table  6-2  summarizes  the  instruction  set  for  the  8048  series  microcomputers,  in- 
struction object  codes  and  timing  are  given  in  Table  6-3.  This  instruction  set  reflects 
the  specific  architecture  of  8048  series  microcomputers  For  example,  there  are  sepa- 
rate I/O  instructions  to  access  the  three  on-chip  I/O  ports  as  against  8243  Input/Output 
Expander  I/O  ports.  Also  there  are  separate  instructions  to  access  on-chip  scratchpad 
read/write  memory  as  against  external  data  memory, 

The  8048  instruction  set  is  probably  more  versatile  than  any  other  one-chip 
microcomputer  instruction  set  described  in  this  book.  The  only  omission  that  may 
cause  problems  is  the  lack  of  an  Overflow  status;  this  will  make  multibyte  signed  binary 
arithmetic  harder  to  program. 

THE  BENCHMARK  PROGRAM 

The  benchmark  program  we  have  been  using  in  this  book  is  not  realistic  for  the  8048 
with  its  limited  data  memory  Using  the  8048  you  would  not  load  data  into  some 
general  depository,  then  transfer  it  to  a  specific  data  table. 

In  order  to  provide  somejllustration  of  8048  instructions,  however,  we  will  slightly 
modify  the  benchmark  program  and  move  a  number  of  data  bytes  from  the  top  of 
scratchpad  memory  to  a  table  in  external  data  memory.  Since  the  data  in  scratchpad 
memory  must  have  been  input  from  an  I/O  port  we  will  assume  that  the  number  of 
scratchpad  memory  bytes  is  stored  in  General  Purpose  Register  R7  The  table  in  exter- 
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nal  memory  begins  at  a  known  location  and  the  first  table  byte  addresses  the  first  free 
table  location,  Operations  performed  may  be  illustrated  as  fpllows: 


Scratchpad 

TO 

/R1 

/        R2 

/          R3 

/            R4 

R5 

R6 

>       R7 

NN 

\ 

1 

a 

\ 

\ 

\ 

\ 

\ 

\ 

RO  indexes  | 
scratchpad  I 

I 
1 

3F 

External  Data 
Memory 


LOOP 


1 
1 

xx 

TBASE, 

start  of  data  table 


-First  free  byte 


MOV 

R0,#TBASE 

MOVX 

A,@R0 

MOV 

R1.A 

ADD 

A,R7 

MOVX 

@R0.A 

MOV 

R0,#3FH 

MOV 

A,@R0 

MOVX 

@R1.A 

DEC 

RO 

INC 

R1 

DJNZ 

R7.LOOP 

LOAD  EXTERNAL  TABLE  BASE  ADDRESS  INTO  RO 

LOAD  ADDRESS  OF  FIRST  FREE  BYTE  INTO  A 

SAVE  IN  R1 

ADD  NEW  BYTE  COUNT  TO  A 

RESTORE  IN  FIRST  FREE  BYTE  OF  EXTERNAL  TABLE 

LOAD  SCRATCHPAD  ADDRESS  INTO  RO 

MOVE  DATA  FROM  SCRATCHPAD  TO  A 

STORE  IN  EXTERNAL  DATA  TABLE 

DECREMENT  RO 

INCREMENT  R1 

DECREMENT  R7,  SKIP  IF  NOT  ZERO 
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These 

A 

A03 

R 

REG 

RN 

T 

C 

AC 

MBO 

MB1 

MBN 

I 

12 

PC 

PC10 

PCL 
PCH 
SP 

PSW 


are  the  abbreviations  used  in  Table  6-2: 

The  Accumulator 

Accumulator,  bits  0  -  3 

Register  RO  or  R1 

Accumulator,  RO.  R1,  R2,  R3,  R4,  R5.R6  or  R7 

Register  RO,  R1.  R2,  R3,  R4,  R5,  R6  or  R7 

Timer/Counter 

Carry  status 

Auxiliary  Carry  status 

Program  memory  bank  0 

Program  memory  bank  1 

MBO  or  MB1 

The  Instruction  register 

Second  object  code  byte 

The  Program  Counter 

The  Program  Counter,  bits  0  - 

The  Program  Counter,  bits  0  - 
The  Program  Counter,  bits  8  - 


S 

DATA 
DEV 
PORT 
ADDR 
ADDR8 
[  1 
[[  ]] 

ini 


10 
7 

■  11 


Stack  Pointer    PSW  bits  0,  1  and  2 

The  Program  Status  Word  which  has  bits  assigned  to  status  flags  as  follows: 

7        6        5        4        3        2        10   -~m Bit  No. 

pr    AC  |  FO  [  F1   I    1    |sP2|sPl|STOg 


PSW  bit  C,F0  or  F1 

8-bit  immediate  data 

An  I/O  device 

I/O  port  P1.  P2  or  BUS 

An  1 1-bit  address,  specifying  a  data  memory  byte 

The  low  order  eight  bits  of  a  memory  address 

Contents  of  location  identified  within  brackets 

Scratchpad  memory  byte  addressed  by  location  identified  within  brackets 

Externa!  memory  byte  addressed  by  location  identified  within  brackets 

Program  memory  byte  addressed  by  location  identified  within  brackets 

Move  data  in  direction  of  arrow 

Exchange  contents  of  locations  on  either  side  of  arrow 

Add 

Subtract 


A 

AND 

V 

OR 

■V 

Exclusive-OR 

BUS 

Bus  I/O  port 

P1 

I/O  Port  1 

P2 

I/O  Port  2 

EP 

8243  Expander  Port  P4-.  P5,  P6  or  P7 

PN 

PI  or P2 
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The  following  symbols  are  used  in  Table  6-3: 

bbb      Three  bits  designating  which  bit  of  the  Accumulator  is  to  be  tested- 

ee        Two  bits  designating  an  8243  Expander  port 

00  -P4 

01  -P5 

10  -P6 

11  -P7 

k  One  bit  selecting  a  memory  or  register  bank: 

0  MBO  or  RBO 

1  MB1  or  RB1 

MM      Eight  bits  of  immediate  data 

nnn      Three  bits  designating  one  of  the  eight  general  purpose  registers 

pp        Two  bits  designating  one  of  the  on-chip  I/O  ports: 

00  -  BUS 

01  -P1 
10-P2 

qq        Two  bits  designating  either  I/O.  Port  1  or  I/O  Port  2: 
01  -PI 
10 -P2 

r  One  bit  selecting  a  pointer  register: 

0-RO 
1  -R1 

xxx       The  high  order  three  bits  of  a  program  memory  address. 
XX       The  low  order  eight  bits  of  a  program  memory  address 


6-44 


Table  6-3    8048  Instruction  Set  Object  Codes 


INSTRUCTION 


OBJECT  CODE 


MACHINE 
CYCLES 


ADD 

ADD 

ADD 

ADDC 

ADDC 

ADDC 

ANL 

ANL 

ANL 

ANL 

ANLD 
CALL 


EN 

EN 

ENTO 

IN 

INC 

INC 

INC 

INS 

JBb 

JC 
JFO 
JF1 
JMP 


A.RN 

A,(rm 

A,  #DATA 

A,RN 

A,@R 

A,  #DATA 

A,RN 

A,@R 

A,#DATA 

PORT,#DATA 

EP.A 
ADDR 


CLR 

A 

CLR 

C 

CLR 

F1 

CLR 

FO 

CPL 

A 

CPL 

C 

CPL 

FO 

CPL 

F1 

DA 

A 

DEC 

A 

DEC 

RN 

DIS 

1 

DIS 

TCNTI 

DJNZ 

RN,ADDR8 

1 

TCNTI 

CLK 

A.PN 

A 

RN 

WR 

A,BUS 

ADDR8 

ADDR8 
ADDR8 
ADDR8 
ADDR 


OHOInnn 
0110000r 
03  MM 
01 1 1 1nnn 
0111000r 
13  MM 
0101 1nnn 
0101000r 
53  MM 
1001 10pp 

MM 
1001 11ee 
xxx10100 

XX 

27 

97 

A5 

85 

37 

A7 

95 

B5 

57 

07 
11001nnn 

15 

35 
11101rrr 

XX 

05 

25 

75 
OOOOIOqq 

17 
0001 1nnn 
OOOIOOOr 

08 
bbb10010 

XX 
F6  XX 
B6  XX 
76  XX 
xxxOOlOO 
XX 
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Table  6-3.  8048  Instruction  Set  Oject  Codes  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE 
CYCLES 

JMPP        @A 

B3 

1 

2 

JNC          ADDR8      . 

E6     XX 

2 

2 

JNI           ADDR8 

86     XX 

2 

2 

JNTO        ADDR8 

26     XX 

2 

2 

JNT1         ADDR8 

46     XX 

2 

2 

JNZ          ADDR8 

96     XX 

2 

2 

JTF           ADDR8 

16     XX 

2 

2 

JTO           ADDR8 

36     XX 

2 

2 

JT1           ADDR8 

56     XX 

2 

2 

JZ             ADDR8 

C6     XX 

2 

2 

MOV        A,#DATA 

23     MM 

2 

2 

MOV        A,PSW 

C7 

1 

1 

MOV        A,RN 

11111nnn 

1 

1 

MOV        A,@R 

1 1 1 1000r 

1 

1 

MOV        A,T 

42 

1 

1 

MOV        PSW,A 

D7 

1 

1 

MOV         RN,A 

10101nnn 

1 

1 

MOV         RN,  #DATA 

10111nn 
MM 

2 

2 

MOV         @R,A 

1010000r 

1 

1 

MOV         @R,  #DATA 

1011000r 
MM 

2 

2 

MOV        T.A 

62 

1 

1 

MOVD      A,EP 

00001 1ee 

1 

2 

MOVD      EP,A 

001111ee 

1 

2 

MOVP      A,@A 

A3 

1 

2 

MOVP3    A,@A 

E3 

1 

2 

MOVX     A,m 

lOOOOOOr 

1 

2 

MOVX       (')R,A 

1001000r 

1 

2 

NOP 

00 

1 

1 

ORL          A,RN 

01O01nnn 

1 

1 

ORL          A.@R 

0100000r 

1 

1 

ORL          A,#DATA 

43     MM 

2 

2 

ORL          PORT,  #DATA 

100010pp 
MM 

2 

2 

ORLD       EP,A 

100011ee 

2 

OUTL        BUS,A 

02 

2 

OUTL        PN,A 

001110qq 

2 

RET 

83  ' 

2 

RETR 

93 

2 

RL             A 

E7 

RLC          A 

F7 

RR            A 

77 

RRC          A 

67 

SEL           MBk 

111k0101 

SEL           RBk 

HOkOIOI 

STOP        TCNT 

65 

STRT        CNT 

45 

STRT        T 

55 

SWAP      A 

47 

XCH          A,RN 

00101nnn 

XCH        a,  m 

0010000r 

XCHD       A/C'R 

0011000r 

XRL          A,RN 

11011nnn 

XRL        A/*.m 

1101000r 

XRL.          A,  #DATA 

D3     MM                    2 

2 
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THE  8243  INPUT/OUTPUT  EXPANDER 

This  is  the  only  support  device  built  specifically  for  the  8048  series  microcom- 
puters; it  expands  I/O  Port  2  to  four  individually  addressable  4-bit  I/O  ports.  The 
8243  Input/Output  Expander  is  particularly  useful  in  numerical  applications  where 
data  is  transferred  in  4-bit  nibbles. 

Figure  6-15  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  8243  Input/Output  Expander. 

The  8243  Input/Output  Expander  is  packaged  as  a  24-pin  DIP.  It  uses  a  single  +5  V 
power  supply.  All  inputs  and  outputs  are  TTL  compatible.  The  device  is  imple- 
mented using  N  channel  MOS  technology. 

8243  INPUT/OUTPUT  EXPANDER  PINS  AND  SIGNALS 

The  8243  Input/Output  Expander  pins  and  signals  are  illustrated  in  Figure  6-16. 
Functional  internal  architecture  is  illustrated  in  Figure  6-17. 

P20  -  P23  represent  the  4-bit  bidirectional  I/O  port  or  bus  connection  between  the 
8243  Input/Output  Expander  and  the  8048  series  microcomputer.  P20  -  P23  must 
be  connected  to  the  low  order  four  pins  of  the  microcomputer  I/O  Port  2.  Figure  6-18  il- 
lustrates the  8243-8048  interface 

P40  -  P43,  P50  -  P53r  P60  -  P63  and  P70  -  P73  provide  four  bidirectional  I/O  ports, 

referred  to  as  Ports  4,  5,  6  and  7,  respectively  These  are  4-bit  ports  via  which  data  is 
transferred  to  or  from  external  logic 

Data  being  output  via  one  of  these  four  ports  is  latched  and  held  in  a  low  impedance 
state 

Data  input  is  buffered  During  a  read  operation  8243  I/O  port  pins  are  sampled  —-while 
the  read  is  being  executed;  then  I/O  port  pins  are  floated 

CS  is  the  single  chip  select  signal  for  the  8243  device.  CS  must  be  low  for  the 

device  to  be  selected.  There  is  no  specifically  defined  manner  in  which  CS  has  to  be 
created;  in  Figure  6-18  it  is  shown  being  decoded  off  the  four  high  order  pins  of  I/O  Port 
2. 

PROG  is  the  single  control  strobe  output  by  the  8048  series  microcomputer  to 
time  8243  events.  On  the  falling  edge  of  PROG  data  input  via  P20  -  P23  is  decoded  as 
an  I/O  port  select  and  operation  specification  Resulting  8243  operations  are  strobed  by 
the  rising  edge  of  PROG 


There  is  no  Reset  input  to  the  8243.  The  device  is  reset  when       8243 

power  is  first  applied,  or  when  power  input  at  the  Vqc  P'n       RESET 

drops  below  4-1  volt.  Following  Reset,  Port  2  is  in  Input  mode    l-~— 

while  Ports  4,  5,  6  and  7  are  floated  The  8243  device  will  exit  the  Reset  mode  on  the 

first  high-to-low  transition  of  PROG. 
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P50 
P40 
P41 
P42 
P43 
CS 
PROG 
P23 
P22 
P21 
P20 
GND 


«-            m 

1  24 

2  23 

3  22 

4  21 

5  20 

6  8243              19 

7  18 

8  17 

9  16 

10  15 

11  14 

12  13 

*            *■ 

m 

** 

PIN  NAME 

DESCRIPTION 

P20  -  P23 

Bidirectional  I/O  Port  to  CPU 

P40  -  P43 

I/O  Port  4 

P50  -  P54 

I/O  Port  5 

P60  -  P64 

I/O  Port  6 

P70  -  P74 

I/O  Port  7 

PROG 

Address/Data  Strobe 

CS 

Chip  Select 

Vcc,  GND 

Power,  Ground 

Vcc  ( +  5V) 

P51 

P52 

P53 

P60 

P61 

P62 

P63 

P73 

P72 

P71 

P70 


TYPE 

Bidirectional,  tristate 
Bidirectional,  tristate 
Bidirectional,  tristate 
Bidirectional,  tristate 
Bidirectional,  tristate 
Input 
Input 


Figure  6-16.  8243  Input/Output  Expander  Pins  And  Signals 
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Figure  6-17.   Functional  Diagram  Of  The  8243  Input/Output  Expander 
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PROG 


Figure  6-18.  An  8243/8048  Configuration  With  External  Logic  Read  And  Write  Strobes 
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8243  INPUT/OUTPUT  EXPANDER  OPERATIONS 

8048  series  microcomputers  have  four  instructions  designed  specifically  to  ac- 
cess an  8243  Input/Output  Expander.  These  instructions  are 

MOVD  PN.  A 
MOVD  A.  PN 
ORLD  PN,  A 
ANLD   PN,  A 

These  are  the  operations  performed: 

1 )  You  can  output  the  low  order  four  Accumulator  bits  to  I/O  Expander  Port  4,  5,  6 
or  7  Following  a  write  operation  the  four  port  lines  are  held  in  a  low  impedance 
state.  External  logic  does  not  receive  any  type  of  "data  ready"  signal  after  data  has 
been  output;  however,  as  illustrated  in  Figure  6-18,  you  can  easily  create  such  a 
signal  by  combining  PROG  and  device  select  logic 

2)  You  can  input  data  from  Port  4,  5,  6  or  7  of  the  8243  device  to  the  four  low  order 
Accumulator  bits   Again  Figure  6-18  shows  how  you  can  create  a  strobe  signal 

,    which  tells  external  logic  when  to  apply  data  to  an  I/O  port  of  the  8243  device. 

3)  You  can  output  data  from  the  low  order  four  Accumulator  bits  to  one  of  the  four 
8243  device  ports,  but  instead  of  simply  writing  to  the  port,  you  can  AND  or  OR 
with  data  already  in  the  port  output  latch.  That  is  to  say.  you  perform  a  Boolean 
operation  between  the  four  low  order  Accumulator  bits  and  the  data  most  recently 
output  to  the  8243  port 

You  cannot  perform  a  Boolean  operation  between  the  low  order  four  Accumulator 
bits  and  data  input  to  an  8243  port;  the  input  data  is  buffered,  not  latched.  You  must 
read  the  input  data  to  the  Accumulator  and  mask  it  there, 

8243  device  Ports  4,  5,  6  and  7  have  been  designed  to  operate  continuously  as  in- 
put ports  or  output  ports.  If  you  switch  a  port  from  input  to  output,  or  from  output 
to  input,  then  the  first  4-bit  data  unit  written  or  read  will  be  erroneous  and  should 
be  discarded. 


PROG 


P20  -  P23     Floatjl        Instruction         ^\  Float  ^         Data  Out         J    \         Float 


PN0-PN3 


i 


Old  output  data  I  New  output  data 


i 


8243 
device 
decodes 

instruction 


Figure  6-19    Timing  For  Data  Output  To  An  8243  Port  Via 
A  MOVD,  ORLD  Or  ANLD  Instruction 
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P20  -  P23     Float  I  Instruction 


/ 


li^£^X 


PNO  -  PN3  Old  input  data      I  /  Mew  input  data 


Figure  6-20    Timing  For  Data  input  From  An  8243  Port 

Timing  for  8243  port  accesses  are  illustrated  in  Figures  6-19  and  6-20. 

In  each  case  an  instruction  is  output  via  P20  -  P23  of  the  8048  microcomputer  on 
the  high-to-low  transition  of  PROG.  The  instruction  is  decoded  as  follows: 


P20 

P21 

8243  Port  Selected 

P22 

P23 

Function  Defined 

0 

0 

Port  4 

0 

0 

Read  from  Port 

0 

] 

Port  5 

0 

1 

Write  to  Port 

1 
1 

0 

1 

Port  6 
Port  7 

1 
1 

0 
1 

OR  with  Port 
AND  with  Port 

The  actual  I/O  operation  within  the  8243  device  is  strobed  by  the  subsequent 
low-to-high  transition  of  PROG. 

Observe  that  externa!  logic  must  transmit  data  to  an  8243  I/O  port  on  the  high-to-low 
transition  of  PROG  External  logic  must  read  data  output  after  the  low-to-high  transition 
of  PROG  These  signals  to  external  logic  are  shown  in  Figure  6-18.  Let  us  take  a 
more  careful  look  at  this  figure. 

The  8243  device  select  CS  is  derived  in  some  fashion  from  the  four  high  order  lines  of 
the  8048  I/O  Port  2  The  manner  in  which  we  decode  CS  from  these  four  lines  is  not 
relevant,  however  the  fact  that  we  are  generating  CS  in  this  fashion  means  that  any 
8243  access  instruction  must  be  bracketed  by  instructions  that,  select  and  then 
deselect  the  8243  device 

It  is  not  a  good  idea  to  leave  the  8243  device  selected  when  you  are  not  accessing  it; 
therefore  do  not  leave  high  order  bits  of  I/O  Port  2  in  a  condition  that  would  select  the 
8243  device  while  the  device  is  supposed  to  be  idle 

The  PROG  signal  connecting  the  8048  to  the  8243  requires  no  explanation  The  signal 
is  output  by  the  8048  with  timing  required  by  the  8243 
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The  READ  and  WRITE  strobes  created  in  Figure  6-18  identify  the  time  at  which  external 
logic  must  either  read  data  from  an  I/O  port,  or  write  data  to  an  I/O  port;  however,  the 
I/O  port  is  not  itself  identified.  The  READ  and  WRITE  strobes  would  have  to  be  qualified 
by  P20  and  P21  on  the  high-to-low  transition  of  PROG  in  order  to  create  READ  and 
WRITE  strobes  specific  to  any  given  I/O  port.  Here  for  example  is  the  logic  which  would 
make  READ  and  WRITE  specific  to  I/O  Port  5: 


;=^o 


Referring  to  the  timing  in  Figure  6-18  let  us  first  look  at  the  READ  strobe  This  signal 
must  go  true  on  the  high-to-low  transition  of  PROG  —  but  only  if  P22  and  P23  are  both 
low.  READ  can  stay  high  until  the  device  is  deselected  providing  external  logic  uses  the 
low-to-high  transition  of  READ  or  timing  immediately  thereafter,  in  order  to  place  data 
at  the  required  I/O  port — whence  it  can  be  read  by  the  8048  We  obtained  the  re- 
quired wave  form  by  using  the  complement  of  CS  as  a  CLEAR  input  to  the  READ  7474 
flip-flop.  Thus  while  the  8243  device  is  not  selected  READ  will  be  low.  The  NOR  of  P22 
and  P23  becomes  the  D  input  to  the  READ  flip-flop;  this  input  will  be  high  only  when 
P22  and  P23  are  both  low  —  and  that  specifies  a  Read  operation  On  the  high-to-low 
transition  of  PROG.  PROG  goes  low-to-higlx_and  that  clocks  the  READ  flip-flop  Q  output 
high  READ  subsequently  stays  high  until  CS  goes  high  again,  at  which  point  the  READ 
flip-flop  is  cleared  and  READ  goes  low 

A  74107  master-slave  flip-flop  creates  the  WRITE  pulse  The  high-to-iow  transition  of 
PROG  marks  the  instant  at  which  P22  and  P23  must  be  decoded  to  determine  that  a 
non-read  operation  is  in  progress,  but  the  actual  low-to-high  transition  of  write  must 
not  occur  until  the  subsequent  low-to-high  transition  of  PROG 

The  74107  modifies  the  01  output  on  the  trailing  edge  of  CLK,  based  on  the  JK  inputs 
at  the  leading  edge  of  CLK,  thus  WRITE  logic  requirements  are  met 
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8048/8748/8035 


ABSOLUTE  MAXIMUM  RATINGS* 

Ambient  Temperature  Under  Bias .    .  o°C  to  70°C 

Storage  Temperature .65DC  to  +150°C 

Voltage  On  Any  Pin  With  Respect 

to  Ground  -0,5V  to  +7V 

Power  Dissipation 15  vvatt 


'COMMENT.  "<■;...,"* 

Stresses  above  those  listed  under  "Absolute  Maximum  Ratings'' 
may  cause  permanent  damage  to  the  device  This  is  a  stress  rating 
only  and  functional  operation  ol  the  device  at  these  or  any  other'' 
conditions  above  those  indicated  in  the  operational  sections  of  this 
specification  is  not  implied, 


D.C.  AND  OPERATING  CHARACTERISTICS  TA  =  o?c  to  70°c,  vcc 

=  VDD  =  +5V  ±5%,  Vss  =  0V 

Symbol 

Parameter 

Limits 

-     Unit 

Min. 

Typ. 

Max. 

Test  Conditions 

V 

Input  Low  Voltage 

{All  Except  XTAL1.XTAL2) 

-S 

.8 

V 

V,H 

Input  High  Voltage 

(All  Except  XTAL1,XTAL2,RESET) 

2.0 

Vcc 

V 

VlHI 

Input  High  Voltage  <RESET,XTAL1 

3.0 

VCC 

V 

■ 

Vol 

Output  Low  Voltage 

(BUS,  RD,WR,  PSEN,  ALE) 

.45 

V 

iQL  =  2„0mA 

V0L1 

Output  Low  Voltage 

(All  Other  Outputs  Except  PROG) 

.45 

V 

Iql  =  1.6mA 

VOH 

Output  High  Voltage 
(BUS,  RD,WR,PSEN,  ALE) 

2.4 

V 

lOH  =  100MA 

w 

Output  High  Voltage 
(All  Other  Outputs) 

2.4 

V 

IOH  =  50/iA 

■lL 

Input  Leakage  Current 
(T1,  EA,  INT) 

±10 

MA 

VSS<V,N<VCC 

•OL 

Output  Leakage  Current  (Bus,  TO) 
(High  Impedance  State) 

-10 

MA 

Vcc^V|N>Vss  +.45 

!DD 

VDD  Supply  Current 

30 

mA 

... 

'cc 

Vcc  Supply  Current 

180 

mA    | 

A.C.  CHARACTERISTICS  TA  =  o°cto  70°c,  vcc  =  vDD  =  +5v±5%,  v„ 


Symbol 

Parameter 

8048/8748/8035 
Min.     Max. 

8048-8 
8748-8 
8035-8 

Min,   Max, 

Unit 

Conditions 

tLL 

ALE  Pulse  Width 

400 

800 

ns 

tAL 

Address  Setup  to  ALE 

150 

150 

ns 

tLA 

Address  Hold  from  ALE 

80 

80 

ns 

lCC 

Control  Pulse  Width  (PSEN,  RD,  WR) 

900 

1800 

ns 

tow 

Data  Set-Up  Before  WR 

500 

1000 

ns 

tWD 

Data  Hold  After  WR 

80 

80 

ns 

CL  =  20pF 

tCY 

Cycle  Time 

2,5 

5.0 

MS 

6  MHz  XTAL 
(3MHzXTALfor-8) 

*DR 

Data  Hold 

0       130 

0    130 

ns 

tRD 

PSEN,  RD  to  Data  In 

500 

1000 

ns 

*AW 

Address  Setup  to  WR 

230 

260 

ns 

*AD 

Address. Setup  to  Data  In 

950 

1900 

ns 

tAFC 

Address  Float  to  RD,  PSEN 

0 

0 

ns 

A.C.  TEST  CONDITIONS      Control  Outputs:       CL=  80  pF,  2.2K  to  Vss,  4.3K  to  VCc 
BUS  Outputs:  C  L  =  150  pF,  2.2K  to  Vss,  4.3K  to  Vcc 


tCY  =  2.5ms 
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8048/8748/8035 
WAVEFORMS 

INSTRUCTION  FETCH  FROM  EXTERNAL  PROGRAM  MEMORY 


ALE 


PSEN 


-t^y- 


BUS      FLOATING 


ADDRESS' 


)C 


« tcc- 


X  floating  )GZX 


FLOATING 


lAD" 


INSTRUCTION 


READ  FROM  EXTERNAL  DATA  MEMORY 
ALE 


J 


1 


RD 


BUS      FLOATING 


FLOATING 


y^BKZ^ 


FLOATING 


WRITE  TO  EXTERNAL  DATA  MEMORY 


ALE 


WR 


J 


L 


BUS        FLOATINgYaDDRESsVfLOATINgY     DATA    Y        FLOATING 
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Chapter  7 
ZILOG  Z80 

Zilog  Z80  microcomputer  devices  have  been  designed  as  8080A  enhancements. 
In  fact,  the  same  individuals  responsible  for  designing  the  8080A  CPU  at  Intel 
designed  the  Z80  devices  at  Zilog.  The  8085,  described  in  Chapter  5,  is  Intel's 
8080A  enhancement. 

The  Z80  instruction  set  includes  all  8080A  instructions  as  a  subset.  In  deference 
to  rational  necessity,  however,  neither  the  Z80  CPU,  nor  any  of  its  support 
devices  attempt  to  maintain  pin-forpin  compatibility  with  8080A  counterparts. 
Compatibility  is  limited  to  instruction  sets  and  general  functional  capabilities.  A 
program  that  has  been  written  to  drive  an  8080A  microcomputer  system  will  also 
drive  the  Z80  system  —  within  certain  limits;  for  example,  a  ROM  device  that 
has  been  created  to  implement  object  programs  for  an  8080A  microcomputer 
system  can  be  physically  removed  and  used  in  a  Z80  system. 

But  Z80-8080A  compatibility  does  extend  somewhat  further,  since  most  support 
devices  that  have  been  designed  for  the  8080A  CPU  will  also  work  with  a  Z80 
CPU;  therefore  in  many  cases  you  will  be  able  to  upgrade  an  8080A  microcom- 
puter system  to  a  Z80,  confining  hardware  modifications  to  the  CPU  and  its  im- 
mediate interface  only. 

It  is  interesting  to  note  that  the  Z80  pins  and  signal  interface  is  far  closer  than  the 
8085  to  the  three-chip  8080A  configuration  illustrated  in  Figure  4-33.  Also, 
whereas  the  Z80  instruction  set  is  greatly  expanded  as  compared  to  the  8080A,  the 
8085  instruction  set  contains  just  two  new  instructions.  However,  both  theZ80  and  the 
8085  have  resolved  the  two  most  distressing  problems  associated  with  the  8080A  — 
the  three-chip  8080A  CPU  has  in  both  cases  been  reduced  to  one  chip,  and  the  three 
8080A  power  supplies  have  in  both  cases  been  reduced  to  a  single  +5V  power  supply. 
Zilog,  Inc.,  manufacturers  of  the  Z80,  are  located  at: 

10460  Bubb  Road 
Cupertino,  California     95014 

The  official  second  source  for  Zilog  products  is: 

Mostek,  I  no 
12 15  West  Crosby  Road 
Carrollton,  Texas     75006 

N-Channel  MOS  technology  is  used  for  all  Z80  devices. 


Z80  LSI 
TECHNOLOGY 


THE  Z80  CPU 


Functions  implemented  on  the  Z80  CPU  are  illustrated  in  Figure  7-1.  They  repre- 
sent "typical"  CPU  logic,  equivalent  to  the  three  devices:  8080A  CPU,  8224 
Clock  and  8228  System  Controller. 
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A  SUMMARY  OF  Z80/8080A  DIFFERENCES 

We  are  going  to  summarize  Z80/8080A  differences  before  describing  differences 
in  detail.  If  you  know  the  8080A  well,  read  on;  if  you  do  not,  come  back  to  this 
summary  after  reading  the  rest  of  the  Z80  CPU  description.  We  will  also  contrast 
the  Z80  and  the  8085,  where  relevant. 

For  the  programmer,  the  Z80  provides  more  registers  and  addressing  modes  than 
the  8080A,  plus  a  much  larger  instruction  set. 

Significant  hardware  features  are  a  single  power  supply  (+5V),  a  single  system 
clock  signal,  an  additional  interrupt,  and  logic  to  refresh  dynamic  memories. 

The  8085  also  has  a  single  power  supply  and  a  single  system  clock  signal  The  8085 
has  three  additional  interrupts,  but  lacks  logic  to  refresh  dynamic  memories. 
Is  the  Z80  CPU  indeed  the  logical  next  8080A  evolution? 

Hardware  aspects  of  the  8080A  represent  its  weakest  features,  as  compared  to 
principal  current  competitors.  Specifically,  the  fact  that  the  8080A  is  really  a  three- 
chip  CPU  is  its  biggest  single  problem;  three  chips  are  always  going  to  cost  more  than 
one.  Next,  the  fact  that  the  8080A  requires  three  power  supplies  (+5V,  -5V  and  + 1 2V) 
is  a  very  negative  feature  for  many  users  and  the  desirability  of  going  to  a  single  power 
supply  is  self-evident;  the  Z80  requires  a  single  +5V  power  supply.  This  is  also  true  of 
the  8085. 

The  problems  associated  with  condensing  logic  from  three  chips  onto  one  chip  are  not 
so  straightforward.  Figure  7-2  illustrates  the  standard  three-chip  8080A  CPU.  Let  us 
assume  that  the  three  devices  are  to  be  condensed  into  a  single  chip.  Asterisks  (*)  have 
been  placed  by  the  signals  which  must  be  maintained  if  the  single  chip  is  to  be  hard- 
ware compatible  with  the  three  chips  it  replaces.  Forty-three  signals  are  asterisked 
therefore  the  standard  40-pin  DIP  cannot  be  used.  The  problem  is  compounded  by  the 
fact  that  not  all  8080A  systems  use  an  8228  System  Controller.  Some  8080A  systems 
use  an  8212  bidirectional  I/O  port  to  create  control  signals.  A  few  of  the  earliest  8080 
systems  use  neither  the  8228  System  Controller,  nor  an  82 1 2  I/O  port;  rather  external 
logic  decodes  the  Data  Bus  when  SYNC  is  true  in  order  to  generate  control  signals"  for 
example,  that  is  how  the  TMS5501  works.  We  must  therefore  conclude  that  any  at- 
tempt to  reduce  three  chips  to  one  will  create  a  product  that  is  not  pin  compatible  with 
the  8080A;  and,  indeed,  the  Z80  is  not  pin  compatible.  What  Zilog  has  done  is  include 
as  many  hardware  enhancements  as  possible  within  the  confines  of  a  40-pin  DIP  that 
must  be  philosophically  similar  to  the  8080A,  without  attempting  any  form  of  pin  com- 
patibility. Figure  7-2  identifies  the  correlation  between  Z80  signals  and  8080A  signals 
Notice  that  there  is  a  significant  similarity. 

Figure  5-3  is  equivalent  to  Figure  7-2,  comparing  8085  and  8080A  signals.  Z80  signals 
are  far  closer  to  the  8080A  three-chip  set  than  the  8085 

Here  is  a  summary  of  the  hardware  differences: 

1)  The  Z80  has  reduced  three  power  supplies  to  a  single  +5V  power  supply 

2)  Clock  logic  is  entirely  within  the  Z80, 

3)  The  complex,  two  clock  signals  of  the  8080A  have  been  replaced  by  a  single  clock 
signal. 

4)  Automatic  dynamic  memory  refresh  logic  has  been  included  within  the  CPU. 
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5)  Read  and  write  control  signal  philosophy  has  changed^  The  8080A  uses  separate 
memory  read,  memory  write,  I/O  read  and  I/O  write  signals.  The  Z80  uses  a  general 
read  and  a  general  write,  coupled  with  a  memory  select  and  an  I/O  select  This 
means  that  if  a  Z80  CPU  is  to  replace  an  8080A  CPU  then  additional  logic  will  be 
required  beyond  the  Z80  CPU,  You  will  either  have  to  combine  the  four  Z80  control 
signals  to  generate  8080A  equivalents,  or  you  will  have  to  change  the  select  and 
strobe  logic  for  every  I/O  device.  We  will  discuss  this  in  more  detail  later 

6)  Address  and  Data  Bus  float  timing  associated  with  DMA  operations  have  changed 
The  8080A  floats  these  busses  at  the  beginning  of  the  third  or  fourth  time  period 
within  the  machine  cycle  during  which  a  bus  request  occurs;  this  initiates  a  Hold 
state.  The  Z80  has  a  more  straightforward  scheme,  a  Bus  Request  input  signal 
causes  the  Data  and  Address  Busses  to  float  at  the  beginning  of  the  machine  cycle; 
floating  busses  are  acknowledged  with  a  Bus  Acknowledge  output  signal 

7)  The  Z80  has  an  additional  interrupt  request.  In  addition  to  the  RESET  and  normal 
8080A  interrupt  request,  the  Z80  has  a  nonmaskable  interrupt  which  is  typically 
used  to  execute  a  short  program  that  prepares  for  power  failure,  once  a  power 
failure  has  been  detected. 

Now  consider  internal  organization  of  the  Z80  in  terms  of  instruction  set  com- 
patibility and  enhancement. 

As  illustrated  by  Table  7-3  the  8080A  instruction  set  is,  indeed,  a  subset  of  the  Z80  in- 
struction set  Unfortunately,  the  Z80  uses  completely  new  source  program  instruction 
mnemonics,  therefore  8080A  instructions  cannot  immediately  be  identified. 

There  are  very  few  unused  object  codes  in  the  8080A  instruction  set  The  Z80  has 
therefore  taken  what  few  unused'object  codes  there  are,  and  used  them  to  specify  that 
an  additional  byte  of  object  code  follows: 

11011101  -^ — Spare  8080A  object  code 

-^ — Specifies  new  Z80  object  code  follows 

This  results  in  new  Z80  instructions  having  16-bit  object  codes,  but  simultaneously  it 
means  that  a  very  large  number  of  new  instructions  can  be  added 

Any  enhancement  of  the  8080A  can  include  major  changes  within  the  CPU;  providing 
the  8080A  registers  and  status  flags  remain  as  a  subset  of  the  new  design,  instruction 
compatibility  remains  These  are  the  principal  enhancements  made  by  the  Z80: 

1)  The  standard  general  purpose  registers  and  status  flags  have  been  duplicated.  This 
makes  it  very  easy  to  handle  single-level  interrupts,  since  genera!  purpose  register 
and  Accumulator  contents  no  longer  need  to  be  saved  on  the  Stack;  instead,  the 
program  may  simply  switch  to  the  alternate  register  set 

2)  Two  Index  registers  have  been  added  This  means  that  additional  Z80  instructions 
can  use  indexed  memory  addressing 

2)  An  Interrupt  Vector  register  allows  external  logic  the  option  of  responding  to  an  in- 
terrupt acknowledge  by  issuing  the  equivalent  of  a  Call  instruction  —  which  vec- 
tors program  execution  to  a  memory  address  which  is  dedicated  to  the 
acknowledged  external  logic 

4}  A  single  Block  Move  instruction  allows  the  contents  of  any  number  of  contiguous 
memory  bytes  to  be  moved  from  one  area  of  memory  to  another,  or  between  an 
area  of  memory  and  a  single  I/O  port  You  can  also  scan  a  block  of  memory  for  a 
defined  value  by  executing  a  Block  Compare  instruction 

5)  Instructions  have  been  added  to  test  .or  alter  the  condition  of  individual  register  and 
memory  bits. 
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In  contrast  to  the  extensive  enhancements' of  the  Z80,  the  8085  registers  and  status 
architecture  are  identical  to  the  8080A.  There  are  only  two  additional  instructions  in  the 
8085  instruction  set;  however,  the  8085,  like  the  Z80,  allows  Call  instructions  to  be 
used  when  acknowledging  an  interrupt  —  a  particularly  useful  enhancement. 

While  on  the  surface  the  Z80  instruction  set  appears  to  be  very  powerful,  note 
that  instruction  sets  are  very  subjective;  right  and  wrong,  good  and  bad  are  not 
easily  defined.  Let  us  look  at  some  nonobvious  features  of  the  Z80  instruction  set. 

First  of  all,  the  execution  speed  advantage  that  results  from  the  new  Z80  instructions  is 
reduced  by  the  fact  that  all  of  these  instructions  require  two  bytes  of  object  code.  Some 
examples  of  Z80  instructions  and  equivalent  8080A  instruction  sequences  with 
equivalent  cycle  times  are  given  in  Table  7-1. 

Table  7-1.  Comparisons  Of  Z80  And  8080A 
Instruction  Execution  Cycles 


Z80 

8080A 

Instructions 

Cycles 

Instructions 

Cycles 

LD        R,(IX   +  d) 

19 

LXI 

H,d   . 

10 

DAD 

IX 

10 

MOV 

R.M 

7 
27 

LD         RP,ADDR 

20 

LHLD 

ADDR 

16 

MOV 

C.L 

5 

MOV 

B,H 

5 
26    «* 

SET       B,(HL) 

15 

MOV 

A.M 

1 

ORI 

MASK 

1 

MOV 

M.A 

1 
21 

Also,  a  novice  programmer  may  find  the  Z80  instruction  set  bewilderingly  complex.  At 
a  time  when  the  majority  of  potential  microcomputer  users  are  terrified  by  simple  as- 
sembly language  instruction  sets,  it  is  possible  that  users  will  react  negatively  to  an  in- 
struction set  whose  complexity  (if  not  power)  rivals  that  of  many  large  minicomputers. 

Many  of  the  new  Z80  instructions  use  direct,  indexed  memory  addressing  to  perform 
operations  which  are  otherwise  identical  to  existing  8080A  instructions.  Now  the  Z80 
has  two  new  1 6-bit  Index  registers  whose  contents  are  added  to  an  8-bit  displacement 
provided  by  the  instruction  code;  this  is  the  scheme  adopted  by  the  Motorola  MC6800. 
This  scheme  is  inherently  weaker  than  having  a  16-bit,  instruction-provided  displace- 
ment as  implemented  by  the  Signetics  2650.  When  the  Index  register  is  larger  than  the 
displacement,  the  Index  register,  in  effect  becomes  a  base  register  When  the  Index 
register  has  the  same  size,  or  is  smaller  than  the  displacement  it  is  truly  an  Index 
register  as  described  in  "Volume  I  —  Basic  Concepts''.  The  Signetics  2650  implementa- 
tion is  more  powerful. 

Z80  PROGRAMMABLE  REGISTERS 

We  will  now  start  looking  at  the  Z80  CPU  in  detail,  beginning  with  its  programma- 
ble registers. 

The  Z80  has  two  sets  of  8-bit  programmable  registers,  and  two  Program  Status 
Words.  At  any  time  one  set  of  programmable  registers  and  one  Program  Status  Word  . 
will  be  active  and  accessible. 
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In  addition,  the  Z80  has  a  16-bit  Program  Counter,  a  16-bit  Stack  Pointer,  two  16- 
bit  Index  registers,  an  8-bit  Interrupt  Vector  and  an  8-bit  Memory  Refresh 
register. 

Figure  7-3  illustrates  the  Z80  registers.  Within  this  figure,  the  8080A  registers' 
subset  is  shaded. 

(  These  two  8-bit  registers 
are  sometimes  treated 
as  a  16-bit  unit 
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Program  Status  Words 

Primary  Accumulators 

Secondary  Accumulators/Data  Counter 

Secondary  Accumulators/Data  Counter 

Secondary  Accumulators/Data  Counter 

Stack  Pointer 

Program  Counter 

Index  Register  X 

Index  Register  Y 

Interrupt  Vector 

Memory  Refresh  Counter 

Shaded  registers  represent  the  808GA  subset.- 

Figure  7-3    Z80  Programmable  Registers 

The  Z80  uses  its  Program  Status  Word,  its  A,  B,  C,  D,  E,  H,  and  L  registers,  plus 
the  Stack  Pointer  and  the  Program  Counter  exactly  as  the  8080A  uses  these  loca- 
tions; therefore  no  additional  discussion  of  these  registers  is  needed. 

The  Program  Status  Word,  plus  registers  A,  B,  C,  D,  E,  H  and  L  are  duplicated. 

Single  Z80  instruction  allow  you  to  switch  access  from  one  register  set  to  another,  or  to 
exchange  the  contents  of  selected  registers.  At  any  time,  one  or  the  other  set  of 
registers,  but  not  both,  are  accessible. 

There  are  two  16-bit  Index  registers,  marked  IX  and  IY.  These  are  more  accurately 
looked  upon  as  base  registers,  as  will  become  apparent  when  we  examine  Z80  address- 
ing modes. 

The  Interrupt  Vector  register  performs  a  function  similar  to  the  ICW2  byte  of  the 
8259  PICU  device.  Z80  interrupt  acknowledge  logic  gives  you  the  option  of  initiating 
an  interrupt  service  routine  with  a  Call  instruction,  where  the  high  order  address  byte 
for  the  call  is  provided  by  the  Interrupt  Vector  register.  The  8085  also  provides  this 
capability. 

The  Memory  Refresh  Counter  register  represents  a  feature  of  microcomputer 
systems  which  has  been  overlooked  by  everyone  except  Fairchild  and  Zilog. 

Dynamic  memory  devices  will  not  hold  their  contents  for  very  long,  irrespective  of 
whether  power  is  off  or  on.  A  dynamic  memory  must  therefore  be  accessed  at  millise- 
cond intervals.  Dynamic  memory  devices  compensate  for  this  short-coming  by  being 
very  cheap  —  and  dynamic  refresh  circuitry  is  very  simple.  Using  a  technique  akin  to 
direct  memory  access,  dynamic  refresh  circuitry  will  periodically  access  dynamic 
memories,  rewriting  the  contents  of  individual  memory  words  on  each  access.  About 
the  only  logic  needed  by  dynamic  refresh  is  a  counter  via  which  it  keeps  track  of  its 
progress  through  the  dynamic  memory;  that  is  the  purpose  of  the  Z80  Memory  Refresh 
Counter  register.  The  Z80  also  has  a  special  DMA  refresh  control  signal;  therefore  the 
Z80  provides  all  necessary  dynamic  refresh  logic. 
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Z80  ADDRESSING  MODES 

Z80  instructions  use  all  of  the  8080A  addressing  modes;  the  Z80  also  has  these 
two  enhancements: 

1)  A  number  of  memory  reference  instructions  use  the  IX  and  IY  registers  for  in- 
dexed, or  base  relative  addressing, 

2)  There  are  some  two-byte  program  relative  Jump  instructions. 

A  memory  reference  instruction  that  uses  the  IX  or  IY  register  will 
include  a  single  data  displacement  byte.  The  8-bit  value  provided 
by  the  instruction  object  code  is  added  to  the  16-bit  value  pro- 
vided by  the  identified  Index  register  in  order  to  compute  the 
effective  memory  address: 


Memory 


Z80 

INDEXED 

ADDRESSING 


-*-  Op  Code  )      mcmu'y 

^ ,       .-.     ,  r     Reference 

■*<' '     Displacement  ) 


Effective  Address    =      ppqq  +  DD 


p,  q  and  D  represent  any  hexadecimal  digits; 
DD  represents  an  8-bit,  signed  binary  value. 

This  is  standard  microcomputer  indexed  addressing  and  is  less  powerful  than  having 
the  memory  reference  instruction  provide  a  16-bit  base  address  or  displacement;  for  a 
discussion  of  these  addressing  modes  see  "Volume  I  —  Basic  Concepts",  Chapter  6. 

The  program  relative,  two-byte  Jump  instructions  provided  by  the  Z80  provide  stan- 
dard two-byte,  program  relative  addressing,  A  single,  8-bit  displacement  is  provided  by 
the  Jump  instruction's  object  code;  this  8-bit  displacement  is  added,  as  a  signed  binary 
value,  to  the  contents  of  the  Program  Counter  —  after  the  Program  Counter  has  been 
incremented  to  point  to  the  sequential  instruction: 


PROGRAM 
MEMORY 

Memory 
Address 

ppqq-2 

ppqq-1 

ppqq 

ppqq  + 1         / 

ppqq  +  2        I 

Program  Counter 

instruction  op  code       fr> 

XX 

^-pj-         PPQQ          | 

Displacement      hot 

DD 

^*^       ppqq  +  2  +  DD 

Next  instruction  object  code  will  be  fetched  from  memory  location  ppqq  +  2  +  DD.  p,  q 
and  D  represent  any  hexadecimal  digits.  DD  represents  a  signed  binary,  8-bit  value. 

For  a  discussion  of  program  relative  addressing,  see  "Volume  I  — Basic  Concepts". 

The  Z80  addressing  enhancements  are  of  significant  value  when  comparing  the 
Z80  to  the  8080A. 
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The  value  of  the  Index  register  comes  not  so  much  from  having  an  additional  address- 
ing option,  but  rather  IX  and  IY  allow  an  efficient  programmer  to  husband  his  CPU 
register  space  more  effectively.  Look  upon  IX  and  !Y  as  performing  memory  addressing 
tasks  which  the  8080A  would  have  to  perform  using  the  BC  and  DE  registers.  By  freeing 
up  the  BC  and  DE  registers  for  data  manipulation,  you  can  significantly  reduce  the 
number  of  memory  reference  instructions  executed  by  the  Z80. 

The  two-byte  program  relative  Jump  instruction  is  useful  because  in  most  programs 
80%  of  the  Jump  instructions  branch  to  a  memory  location  that  is  within  128  bytes  of 
the  Jump.  That  is  the  rationale  for  most  microcomputers  offering  two-byte  as  well  as 
three-byte  Jump  instructions. 

Z80  STATUS 

The  Z80  and  8080A  both  use  the  Program  Status  Word  in  order  to  store  status 
flags.  These  are  the  Z80  status  flags: 

Carry  (C) 
Zero  (Z) 
Sign  (S) 

Parity/Overflow  <P/0) 
Auxiliary  Carry  (Ac) 
Subtract  (N) 

Statuses  are  recorded  in  the  Program  Status  Word  by  the  Z80,  as  compared  to  the 
8080A,  as  follows: 

1 .  6.5.4    32_  *    °  _^* KtNo- 

|S[z|xPV:|X|a5|NlCt^ Z80  Program  Status  Word 

76543210-* Bit  No. 

|  S  |  Z  1 X  )fc\  X  |  P  |  X  |c|^ 8080A  Program  Status  Word 

The  Parity/Overflow  and  Subtract  statuses  differ  from  the  8080A.  All  other 
statuses  are  the  same. 

The  8080A  has  a  Parity  status  but  no  Overflow  status.  The  Z80  uses  a  single  status  flag 
for  both  operations,  which  makes  a  lot  of  sense.  The  Z80  Overflow  status  is  absolutely 
standard,  therefore  only  has  meaning  when  signed  binary  arithmetic  is  being  per- 
formed —  at  which  time  the  Parity  status  has  no  meaning.  Within  the  Z80,  therefore, 
this  single  status  is  used  by  arithmetic  operations  to  record  overflow  and  by  other 
operations  to  record  parity.  For  a  complete  discussion  of  the  Overflow  status  see 
"Volume  I  —  Basic  Concepts". 

The  Subtract  status  is  used  by  the  DAA  instruction  for  BCD  operations,  to  differentiate 
between  decimal  addition  or  subtraction.  The  Subtract  and  Auxiliary  Carry  statuses 
cannot  be  used  as  conditions  for  program  branching  (conditional  Jump,  Call  or  Return 
instructions). 

Z80  CPU  PINS  AND  SIGNALS 

The  Z80  CPU  pins  and  signals  are  illustrated  in  Figure  7-4.  Figure  7-2  provides  the 
direct  comparison  between  Z80  CPU  signals  and  the  standard  8080A,  8228,  8224 
three-chip  systems. 

Let  us  first  look  at  the  Data  and  Address  Busses. 

The  16  address  lines  A0  -  A15  output  memory  and  I/O  device  addresses.  The  ad- 
dress lines  are  tristate;  they  may  be  floated  by  theZ80  CPU,  giving  external  logic  con- 
trol of  the  Address  Bus  There  is  no  difference  between  Z80  and  8080A  Address 
Bus  lines. 
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The  Data  Bus  lines  DO  -  D7  transmit  bidirectional  data  into  or  out  of  the  Z80  CPU. 

Like  the  Address  Bus  lines,  the  Data  Bus  lines  are  tristate.  The  Z80  Data  Bus  lines  do 
differ  from  the  8080A  equivalent.  The  8080A  Data  Bus  is  multiplexed;  status  output 
on  the  Data  Bus  by  the  8080A  during  the  T2  clock  period  of  every  machine  cycle  is 
strobed  by  the  SYNC  pulse.  The  Z80  does  not  multiplex  the  Data  Bus  in  this  way. 

Control  signals  are  described  next;  these  may  be  divided  into 
system  control,  CPU  control  and  Bus  control.  First  we  will  de- 
scribe the  System  control  signals. 


Z80  SYSTEM 

CONTROL 

SIGNALS 


M1  identifies  the  instruction  fetch  machine  cycle  of  an  in- 
struction's execution.  Its  function  is  similar,  but  not  identical  to  the  8080A  SYNC 
pulse. 

MREQ  identifies  any  memory  access  operation  in  progress;  it  is  a  tristate  control 
signal. 


IORQ  identifies  any  I/O  operation  in  progress.  When  IORQ  is  low,  AO  -  A7  contain  a 
valid  I/O  port  address.  IORQ  is  also  used  as  an  interrupt  acknowledge;  an  interrupt 
is  acknowledged  by  M1  and  IORQ  being  output  low  —  a  unique  combination,  since 
M1  is  otherwise  low  only  during  an  instruction  fetch,  which  cannot  address  an  I/O 
device. 

RD  is  a  tristate  signal  which  indicates  that  the  CPU  wishes  to  read  data  from  either 
memory  or  an  I/O  device,  as  identified  by  MREQ  or  IORQ. 

WR  is  a  tristate  control  signal  which  indicates  that  the  CPU  wishes  to  write  data 
to  memory  or  an  I/O  device  as  indicated  by  MREQ  and  IORQ. 

RFSH  is  a  control  signal  usd  to  refresh  dynamic  memories.  When  RFSH  is  output 
low,  the  current  MREQ  signal  should  be  used  to  refresh  dynamic  memory,  as  addressed 
by  the  lower  seven  bits  of  the  Address  Bus,  AO  -  A6. 

Next  we  will  describe  CPU  control  signals. 


HALT  is  output  low  following  execution  of  a  Halt  instruction.  Z80  CPU 

The  CPU  now  enters  a  Halt  state  during  which  it  continuously  re-  CONTROL 

executes  a  NOP  instruction  in  order  to  maintain  memory  refresh  SIGNALS 
activity.  A  Halt  can  only  be  terminated  with  an  interrupt. 

WAIT  is  equivalent  to  the  8080A  READY  input.  External  logic  which  cannot  respond 
to  a  CPU  access  request  within  the  allowed  time  interval  extends  the  time  interval  by 
pulling  the  WAIT  input  low.  In  response  to  WAIT  low,  the  Z80  enters  a  Wait  state  dur- 
ing which  the  CPU  inserts  an  integral  number  of  clock  periods;  taken  together,  these 
clock  periods  constitute  a  Wait  state. 

INT  and  NMI  are  two  interrupt  request  inputs.  The  difference  between  these  two  sig- 
nals is  that  NMI  has  higher  priority  and  cannot  be  disabled. 

There  are  two  Bus  control  signals. 

RESET  is  a  standard  reset  control  input.  When  the  Z80  is  reset, 
this  is  what  happens: 

The  Program  Counter,  IV  and  R  registers'  contents  are  all  set  to  zero. 

Interrupt  requests  via  INT  are  disabled. 

Alt  tristate  bus  signals  are  floated. 

BUSRQ  and  BUSAK  are  bus  request  and  acknowledge  signals.  In  order  to  perform 
any  kind  of  DMA  operation,  external  logic  must  acquire  control  of  the  microcomputer 
System  Bus.  This  is  done  by  inputting  BUSRQ  low;  at  the  conclusion  of  the  current 
machine  cycle,  the  Z80  CPU  will  float  all  tristate  bus  lines  and  will  acknowledge  the  bus 
request  by  outputting  BUSAK  low. 
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Z80  BUS 

CONTROL 

SIGNALS 


PIN  NAME 

A0-A15 

D0-D7 

Ml 

MREQ 

IORQ 

RD 

WR 

RFSH 

HALT 

WAIT 

INT 

NMi 

RESET 

BUSRQ 

BUSAK 

+  5Vr  GND 


DESCRIPTION 

Address  Bus 

Data  Bus 

identifies  instruction  fetch  machine  cycle 

Memory  request  —  indicates  that  CPU 

is  performing  memory  access 

I/O  request  —  indicates  I/O  operation 

in  progress 

CPU  read  from  memory  or  i/O  device 

CPU  write  to  memory  or  I/O  device 

Refresh  dynamic  memories 

CPU  Halt  executed 

Wait  state  request 

Interrupt  request 

Nonmaskable  interrupt  request 

Reset  and  initialize  CPU 

Request  for  control  of  Address,  Data 

and  Control  Busses 

Bus  acknowledge 

CPU  clock 

Power  and  Ground 


TYPE 

Tristate,  Output 

Tristate,  Bidirectional 

Output 

Tristate,  Output 

Tristate,  Output 

Tristate,  Output 

Tristate,  Output 

Output 

Output 

Input 

Input 

input 

Input 

Input 

Output 
Input 


Figure  7-4.   Z80  CPU  Signals  And  Pin  Assignments 

Z80  -  8080A  SIGNAL  COMPATIBILITY 

If  you  are  designing  a  new  product  around  the  Z80  CPU,  then  questions  of 
Z80  -  8080A  signal  compatibility  are  irrelevant;  you  will  design  for  the  CPU  on 
hand. 

If  you  are  replacing  an  8080A  with  a  Z80,  then  it  would  be  helpful  to  have  some 
type  of  lookup  table  which  directly  relates  8080A  signals  to  Z80  signals.  Unfor- 
tunately, such  a  lookup  table  cannot  easily  be  created.  The  problem  is  that  the  Z80 
is  an  implementation  of  three  devices,  the  8080A  CPU,  the  8224  Clock,  and  8228/ 
System  Controller;  but  there  are  very  many  8080A  configurations  that  do  not  include 
an  8228  System  Controller. 

Possibly  the  most  important  conceptual  difference  between  the  Z80  and  8080A  in- 
volves read  and  write  control  signals  The  8228  System  Controller  develops  four  dis- 
crete control  signals  for  memory  read,  memory  write,  I/O  read  and  I/O  write.  The 
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280  has  a  general  read  and  a  general  write,  coupled  with  an  I/O  select  and  a 
memory  select.  By  adding  logic,  it  would  be  easy  enough  to  generate  the  four  discrete 
8080A  signals  from  the  two  Z8G  signal  pairs;  here  is  one  elementary  possibility: 


280 
Signals 


8080A  Equivalent 
Signals 


1> 


I /OR 


If  your  design  allows  it,  however,  it  would  be  wiser  to  extend  the  Z80  philosophy  to  the 
various  support  devices  surrounding  the  CPU.  Recall  from  our  discussion  of  8080A  sup- 
port devices  in  Chapter  4  that  every  device  requires  separate  device  select  and  device 
access  logic.  For  some  arbitrary  read  operation;  timing  might  be  illustrated  as  follows: 


"L 


I 


Read 
Strobe 


With  an  8080A  scheme,  select  logic  is  decoded  from  Address  Bus  lines,  while  strobe 
logic  depends  on  one  of  the  four  control  lines  l/OR,  l/OW,  MEMR  or  MEMW.  Using  the 
Z80  philosophy,  the  memory  select  (MREQ)  or J/O  select  (IORQ)  control  lines  become 
part  of  the  device  select  logic,  while  the  read  (RD)  or  write  (WR)  controls  generate  the 
strobe 


The  Z80  has  no  interrupt  acknowledge  signal;  rather  it  combines  IORQ  with  M1  as 
follows: 


£> 


The  8080A  HOLD  and  HLDA  signals  are  functionally  reproduced  by  the  Z80 
BUSRQ  and  BUSAK  signals. 

The  8080A  SYNC  pulse  has-no  direct  Z80  equivalent  MT  is  pulsed  low  during  an  in- 
struction fetch,  or  an  interrupt  acknowledge,  but  it  is  not  pulsed  low  during  the  initial 
time  periods  of  an  instruction's  second  or  subsequent  machine  cycles.  Frequently  the 
complement  of  Ml  can  be  used  instead  of  SYNC  to  drive  those  8080A  peripheral 
devices  that  require  the  SYNC  pulse 

The  Z80  has  no  signals  equivalent  to  8080A  INTE,  WAIT  or  $2.  There  is  also  no 
signal  equivalent  to  the  8228  BUSEN. 

If  for  any  reason  external  logic  must  know  when  interrupts  have  been  disabled  inter- 
nally by  the  CPU,  then  the  Z80  will  be  at  a  loss  to  provide  any  signal  equivalent  to  the 
8080A  control  signals.  Remember  INTE  in  an  8080A  system  tells  external  logic  when 
the  CPU  has  enabled  or  disabled  all  interrupts;since  external  logic  can  do  nothing  about 
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interrupts  being  disabled,  and  requesting  an  interrupt  at  this  time  does  neither  good 
nor  harm,  knowing  that  the  condition  exists  is  generally  irrelevant 

The  single  Z80  WAIT  input  serves  the  function  of  the  8080A  READY  input  Irrespective 
of  when  the  WAIT  is  requested,  a  Wait  clock  period  will  only  be  inserted  between  T2 
and  T3;  moreover,  as  we  will  see  shortly,  there  are  certain  Z80  instructions  which  auto- 
matically insert  a  Wait  state,  without  waiting  for  external  demand.  You  would  need 
relatively  complex  logic  to  decode  instruction  object  codes,  clock  signal  and  the  WAIT 
input  if  your  Z80  system  is  to  generate  the  equivalent  of  an  8080A  WAIT  output  In  all 
probability,  it.  would  be  simpler  to  find  an  alternative  scheme  that  did  not  require  a  sig- 
nal equivalent  to  the  8080A  WAIT  output. 

The  Z80  simply  has  no  second  clock  equivalent  to  8080A  02  Any  device  that  needs 
clock  signal  <I>2  cannot  be  used  in  Z80  configurations 

The  8228  BUSEN  input  is  used  by  external  logic  to  float  the  System  Bus  In  a  Z80 
system,  CPU  logic  floats  the  System  Bus;  therefore  BUSEN  becomes  irrelevant 


The  8080A  CPU  has  no  signals  equivalent  to  Z80  RFSH,  HALT  and  NMI. 

RFSH  applies  to  dynamic  memory  refresh  only,  it  is  irrelevant  within  the  context  of  a 
Z80  -   8080A  signal  comparison 

NMI,  being  a  nonmaskable  interrupt  request,  also  has  no  8080A  equivalent  logic 

The  Z80  HALT  output  needs  some  discussion.  One  of  the  more  confusing  aspects 
of  the  8080A  is  the  interaction  of  Wait,  Halt  and  Hold  states.  Let  us  look  at  these 
three  states,  comparing  the  Z80  and  8080A  configurations  and  in  the  process  we 
will  see  the  purpose  of  the  Z80  HALT  output. 

The  purpose  of  the  Wait  state  is  to  elongate  a  memory  reference  machine  cycle  in 
deference  to  slow  external  memory  or  I/O  devices  The  Wait  state  consists  of  one  or 
more  Wait  clock  periods  inserted  between  T2  and  T3  of  a  machine  cycle  The  8080A 
and  the  Z80  handle  Wait  states  in  exactly  the  same  way,  except  for  the  fact  that  the 
Z80  has  no  Wait  acknowledge  output  and  under  certain  circumstances  will  automat- 
ically insert  Wait  clock  periods. 

The  purpose  of  the  Hold  condition  is  to  allow  external  logic  to  acquire  control  of  the 
System  Bus  and  perform  Direct  Memory  Access  operations.  Again  both  the  Z80  and  the 
8080A  have  very  similar  Hold  states.  The  only  significant  difference  is  that  the  Z80  initi- 
ates a  Hold  state  at  the  conclusion  of  a  machine  cycle,  whereas  the  8080A  initiates  the 
Hold  state  during  time  period  T3  or  T4  The  8228  System  Controller  also  needs  a  high 
BUSEN  input  in  order  to  float  its  Data  and  Control  Busses  while  the  Z80  has  no 
equivalent  need 

The  big  difference  between  the  Z80  and  the  8080A  comes  within  the  Halt  state  When 
the  8080A  executes  a  Halt  instruction,  it  goes  into  a  Halt  state,  which  differs  from  a 
Hold  state.  There  are  some  complex  interactions  between  Hold,  Halt,  Wait  and  inter- 
rupts within  8080A  systems.  None  of  these  complications  exists  in  the  Z80  system, 
since  the  Z80  has  no  Halt  state  After  executing  a  Halt  instruction,  the  Z80  outputs 
HALT  low,  then  proceeds  to  continuously  execute  a  NOP  instruction  This  allows 
dynamic  memory  refresh  logic  to  continue  operating  If  you  are  replacing  an  8080A 
with  a  Z80,  you  must  give  careful  attention  to  the  Halt  state.  This  is  one  condition 
where  unexpected  incompatibilities  can  arise. 
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Z80  TIMING  AND  INSTRUCTION  EXECUTION 

Z80  timing  is  conceptually  similar  to,  but  far  simpler  than  8080A  timing.  Like  the 
8080A,  the  Z80  divides  its  instructions  into  machine  cycles  and  clock  periods. 

However,  ail  Z80  machine  cycles  consist  of  either  three  or  four  clock  periods.  Some  in- 
structions always  insert  Wait  clock  periods,  in  which  case  five  or  six  clock  periods  may 
be  present  in  a  machine  cycle^  Recall  that  8080A  machine  cycles  may  have  three,  four 
or  five  clock  periods. 

The  8080A  may  require  from  one  to  five  machine  cycles  in  order  to  execute  an  instruc- 
tion; Z80  instructions  execute  in  one  to  six  machine  cycles.  If  we  shade  optional 
machine  cycles  and  time  periods  Z80  and  8080A  instruction  time  subdivisions  may  be 
compared  and  illustrated  as  follows. 
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Z80  clock  signals  are  also  far  simpler  than  the  8080A  equivalent.  Where  the  8080A 
uses  two  clock  signais  the  Z80  uses  one.  Clock  logic  may  be  compared  as  follows: 
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INSTRUCTION  FETCH  EXECUTION  SEQUENCES 
As  compared  to  the  8080A,  Z80  instruction  timing  ss  marvelously  simple.  Gone  is 
the  SYNC  pulse  and  the  decoding  of  Data  Bus  for  status.  Every  instruction's  timing 
degenerates  into  an  instruction  fetch,  optionally  followed  by  memory  or  I/O  read  or 
write.  Add  to  this  a  few  variations  for  Wait  state,  interrupt  acknowledge  and  bus  float- 
ing and  you  are  done. 
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Let  us  begin  by  looking  at  an  instruction  fetch.  Timing  is  illustrated  in  Figure  7  5 
Look  at  Figure  4-5  to  obtain  an  immediate  comparison  of  the  Z80  and  the  8080A. 


Figure  7-5.  Z80  Instruction  Fetch  Sequence, 

Referring  to  Figure  7-5,notethat  the  instruction  fetch  cycle  is  identified  by  M?  output 
low  during  Ti  and  T2  (©.©)  Since  there  is  no  status  on  the  Data  Bus  to  worry  about 
the  Program  Counter  contents  are  output  immediately  on  the  Address  Bus  and  stay  sta- 
ble for  the  duration  of  T-j  and  T2- 

Since  an  instruction  fetch  is  also  a  memory  operation,  MREQ  and  RD  controls  are  both 
output  low.  This  occurs  half-way  through  T-| ,  at  which  time  the  Address  Bus  will  stabil- 
ize. The  falling  edges  of  MREQ  and  RD  can  therefore  be  used  to  select  a  memory  device 
and  strobe  data  out  The  CPU  polls  data  on  the  Data  Bus  at  the  rising  edge  of  the  Tq 
clock  ((g)). 

Clock  perods  T3  and  T4  of  the  instruction  fetch  machine  cycle  are  used  by  the  Z80 

CPU  for  internal  operations.  These  clock  periods  are  also  used  to  refresh  dynamic 
memory.  As  soon  as  the  Program  Counter  contents  are  taken  off  the  Address  Bus  ((f)), 
the  refresh  address  from  the  Refresh  register  is  output  on  lines  AO  -  A6  of  the  Address 
Bus.  This  address  stays  on  the  Address  Bus  until  the  conclusion  of  T4  {(3)), 

Since  a  memory  refresh  is  a  memory  access  operation,  MREQ  is  again  output  low; 
however,  it  is  accompanied  by  RFSH  rather  than  RD  low.  Thus  memory  reference  logic 
does  not  attempt  to  read  data  during  a  refresh  cycle. 

A  MEMORY  READ  OPERATION 

Memory  interface  logic  responds  to  an  instruction  fetch  and  a  memory  read  in  ex- 
actly the  same  way.  There  are,  however,  a  few  differeces  between  memory  read 
and  instruction  fetch  timing.  Memory  read  timing  is  illustrated  in  Figure  7-6.  The  prin- 
cipal difference  to  note  is  that  during  a  memory  read  operation,  the  data  is  sampled  on 
the  trailing  edge  of  the  T3  clock  pulse,  whereas  during  an  instruction  fetch  it  is  sampled 
on  the  leading  edge  of  this  clock  pulse.  Also  a  normal  memory  read  machine  cycle  will 
consist  of  three  clock  periods,  while  the  normal  instruction  fetch  consists  of  four  clock 
periods.  Remember  also  that  the  Z80  identifies  an  instruction  fetch  machine  cycle  by 
outputting  M1  low  during  the  first  two  clock  periods  of  the  instruction  fetch  machine 
cycle 
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Figure  7-6.  Z80  Memory  Read  Timing 

MEMORY  WRITE  OPERATION 

Figure  7-7  illustrates  memory  write  timing  for  the  Z80.  The  only  differences  bet- 
ween memory  read  and  memory  write  timing  are  the  obvious  ones:  WR  is  pulsed 
low  for  a  write,  and  can  be  used  as  a  strobe  by  memory  interface  logic  to  read  data  off 
the  Data  Bus. 

THE  WAIT  STATE 


Like  the  8080A,  the  280  allows  a  Wait  state  to  occur  between  clock  periods  T2  and 
T3  of  a  machine  cycle.  The  Wait  state  frees  external  logic  or  memory  from  having  to 
operate  at  CPU  speed. 


The  Z80  CPU  samples  the  WAIT  input  on  the  falling  edge  of  <i>  during  T2^  Providing 
WAIT  is  low  on  the  falling  edge  of  <J>  during  T2,  Wait  clock  periods  will  be  inserted.  The 
number  of  Wait  clock  periods  inserted  depends  strictly  on  how  Song  the  WAIT  input  is 
held  low  As  soon  as  the  Z80  detects  WAIT  high  on  the  falling  edge  of  <I>,  it  will  initiate 
T3  on  the  next  rising  edge  of  O. 


Figure  7-7.  Z80  Memory  Write  Timing 
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Note  that  the  single  280  WAIT  signal  replaces  the  READY  and  WAIT  8080A  sig- 
nals. As  this  would  imply,  no  signal  is  output  telling  external  logic  the  Z80  has  entered 
the  Wait  state  In  the  event  that  external  logic  needs  to  know  whether  or  not  a 
Wait  state  has  been  entered,  these  are  the  rules: 

1)  The  Z80  will  sample  WAIT  on  the  falling  edge  of  <f>  in  T2. 

2)  If  WAIT  is  low,  then  the  Z80  will  continue  to  sample  the  Wait  input  for  all  subse- 
quent Wait  state  clock  periods. 

3)  The  Z80  will  not  sample  the  WAIT  input  during  any  clock  period  other  than  T2  or  a 
Wait  state. 

Figure  7-8  illustrates  Z80  Wait  state  timing 


Figure  7-8,  Z80  Wait  State  Timing 

INPUT  OR  OUTPUT  GENERATION 

Timing  for  Z80  input  and  output  generation  is  given  in  Figures  7-9  and  7-10, 
respectively. 

The  important  point  to  note  is  that  Zilog  has  acknowledged  the  infrequency  with  which 
typical  I/O  logic  can  operate  at  CPU  speed.  One  Wait  clock  period  is  therefore  auto- 
matically inserted  between  T2  and  T3  for  all  input  or  output  machine  cycles. 

Otherwise  timing  differs  from  memory  read  and  write  operations  only  in  that  IORQ  is 
output  low  rather  than  MREQ. 

Note  that  there  is  absolutely  nothing  to  prevent  you  from  selecting  I/O  devices  within 
the  memory  space.  This  is  something  we  did  consistently  in  Chapter  4  when  describing 
8080A  support  devices.  But  if  you  adopt  this  design  policy,  remember  that  your  I/O 
logic  must  execute  at  CPU  speed,  unless  you  insert  Wait  states. 
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Figure  7-9.  Z80  Input  Or  Output  Cycles 


Figure  7-10.  Z80  Input  Or  Output  Cycles  With  Wait  States 

BUS  REQUESTS 

The  Z80  does  not  have  a  Hold  state  as  described  for  the  8080A,  but  Z80  bus  request 
logic  is  equivalent  The  Z80  will  float  Address,  Data  and  tristate  Control  Bus  lines 
upon  sensing  a  low  BUSRQ  signal.  BUSRQ  is  sampled  by  the  Z80  CPU  on  the  rising 
edge  of  the  last  clock  pulse  of  any  machine  cycle,  If  BUSRQ  is  sampled  low.  then  tris- 
tate lines  are  floated  by  the  CPU,  which  also  outputs  BUSAK  low.  the  Z8Q  CPU  con- 
tinues  to  sample  BUSRQ  on  the  rising  edge  of  every  clock  pulse.  As  soon  as  BUSRQ  is 
sensed  high,  floating  will  cease  on  the  next  clock  pulse.  This  timing  is  illustrated  in 
Figure  7-1 1, 
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One  significant  difference  between  the  Z80  and  8080A  results  from  differences 
between  the  Hold  and  bus  floating  states.  As  the  logic  we  have  described  for  the 
Z80  would  imply,  it  will  only  float  the  System  Bus  in  between  machine  cycles.  The 
8080A,  on  the  other  hand,  will  enter  a  Hold  state  variably  during  T3  or  T4  of  the 
machine  cycle,  depending  on  the  type  of  operation  in  progress.  It  is  therefore  possible 
for  the  Z80  to  float  its  bus  three  clock  periods  later  than  an  8080A  in  a  similar  con- 
figuration. 


Figure  7-11.  Z80  Bus  Timing 

Note  also  that  if  you  are  using  the  dynamic  memory  refresh  logic  of  the  Z80,  then 
during  long  bus  floats,  external  logic  must  refresh  dynamic  memory.  The  simplest 
way  around  this  problem  in  a  Z80  system  is  to  ensure  that  DMA  operations  acquire  the 
System  Bus  for  many  short  periods  of  time,  rather  than  for  a  single  long  access 

EXTERNAL  INTERRUPTS 

The  Z80  has  two  interrupt  request  input  signals,  one  of  which  cannot  be  disabled. 
Timing  for  the  lower  priority  interrupt  request  acknowledge  sequence  differs  sig- 
nificantly from  the  single  8080A  interrupt  request  and  is  illustrated  in  Figure  7  12 

The  interrupt  request  signal  INT  is  sampled  by  the  Z80  CPU  on  the  rising  edge  of  the 
last  clock  pulse  of  any  instruction's  execution. 

An  interrupt  request  will  be  denied  if  interrupts  have  been  disabled  under  program  con- 
trol, or  if  the  BUSRQ  signal  is  also  low.  Thus  a  DMA  access  will  have  priority  over 
maskable  interrupts. 

TheZ80CPU  acknowledges  an  interrupt  request  by  outputting  mT  and "lORQ  low  This 
occurs  in  a  special  interrupt  acknowledge  machine  cycle,  as  illustrated  in  Figure  7-12 
Note  that  this  machine  cycle  has  two  Wait  states  inserted  so  that  external  logic  will 
h3Ve  time  for  any  type  of  daisy  chained  Priority  interrupt  scheme  to  be  implemented. 
When  IORQ  is  output  low  while  M1  is  low,  external  logic  must  interpret  this  sig- 
nal combination  as  requiring  an  interrupt  vector  to  be  placed  on  the  Data  Bus  by 
the  acknowledged  external  interrupt  requesting  source.  This  interrupt  vector  can 
take  one  of  three  forms;  the  form  depends  on  which  of  the  three  modes  you  have 
selected  for  the  Z80  under  program  control. 
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Figure  7-12.  Z80  Response  To  A  Maskable  interrupt  Request 

In  Mode  0,  the  interrupt  vector  will  be  interpreted  as  a  single-byte  object  code,  repre- 
senting the  first  instruction  to  be  executed  following  the  interrupt  acknowledge.  This  is 
equivalent   to   the    standard    RST    instruction    response   used    by   the    8080A. 

Whenever  you  are  replacing  an  8080A  with  a  Z80,  therefore,  the  Z80  must  operate  in 
interrupt  response  Mode  0.. 

Z80  interrupt  response  logic  in  Mode  1  automatically  assumes  that  the  first  instruc- 
tion executed  following  the  interrupt  response  will  be  a  Restart  branching  to 
memory  location  OOB&fg.  If  the  Z80  is  in  Mode  1,  no  interrupt  vector  is  needed. 

Z80  Mode  2  interrupt  response  has  no  8080A  equivalent.  When  you  operate  the  Z80  in 
Mode  2,  you  must  create  a  table  of  16-bit  interrupt  address  vectors,  which  can 
reside  anywhere  in  addressable  memory  These  16-bit  addresses  identify  the  first  ex- 
ecutable instruction  of  interrupt  service  routines  When  an  interrupt  is  acknowledged 
by  the  CPU  in  Mode  2,  the  acknowledged  external  logic  must  place  an  interrupt 
response  vector  on  the  Data  Bus.  The  Z80  CPU  will  combine  the  IV  register  con- 
tents with  the  interrupt  acknowledge  vector  to  form  a  16-bit  address,  which  ac- 
cesses the  interrupt  address  vector  table.  Since  16-bit  addresses  must  lie  at  even 
memory  address  boundaries,  only  seven  of  the  eight  bits  provided  by  the 
acknowledged  external  logic  will  be  used  to  create  the  table  address;  the  low  order  bit 
will  be  set  to  0,  Thus  the  table  of  16-bit  interrupt  address  vectors  will  be  accessed  as 
follows; 

INTERRUPT 

ADDRESS 

,      VECTORS 

CD 


IV  Register 


Interrupt  response 
vector  from  external  logic 


16-bit  address  points  to  first 

of  two  bytes  in  Interrupt  Address  Vector 
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The  Z80  CPU  will  execute  a  Call  to  the  memory  location  obtained  from  the  inter- 
rupt address  vector  table. 

Let  us  clarify  this  logic  with  a  simple  example.  Suppose  that  you  have  64  possible 
external  interrupts;  each  interrupt  has  its  own  interrupt  service  routine,  therefore  64 
starting  addresses  will  be  stored  in  128  bytes  of  memory.  Let  us  arbitrarily  assume  that 
these  128  bytes  are  stored  in  a  table  with  memory  addresses  OFOO^g  through  0F7Fi6- 
Now  in  order  to  use  Mode  2,  you  must  initially  load  the  value  0F]Q  into  the  Z80  IV 
register.  Subsequently  an  external  interrupt  request  is  acknowledged  and  the 
acknowledged  external  logic  returns  on  the  Data  Bus  the  vector.  2Eig;  this  is  what  will 
happen: 


IV  Register 


Push  previous 
contents  onto 
Stack 


20801g  to  Program  Counter. 
First  post-interrupt  instruction 
object  code  fetched 
from  here 


MEMORY 

Memory 
Address 

JJ 

OF28 

JJ 

0F29 

KK 

0F2A 

KK 

0F2B 

LL 

0F2C 

LL 

0F2D 

80 

0F2E> 

20 

0F2FJX, 

NN 

0F30         Y 

NN 

0F31 

PP 

0F32          J 

PP 

0F33        / 

•                  • 

^ 

r       • 

207F         ./ 

2080  ^\ 

2081 

2082    ' 

2083 

Z80  WAIT 

STATES 

DURING 

INTERRUPT 

ACKNOWLEDGE 


If  two  Wait  states  are  insufficient  for  external  logic  to  arbitr- 
ate interrupt  priorities  and  place  the  required  vector  on  the 
Data  Bus.  then  additional  Wait  states  can  be  inserted  in  the 

usual  way  by  inputting  WAIT  low:  Timing  is  illustrated  in 
Figure  7-13. 

The  nonmaskable  interrupt  differs  from  the  maskable  inter- 
rupt in  two  significant  ways. 

First  of  all  the  nonmaskable  interrupt  has  priority  over  both  the  maskable  interrupt  and 
bus  requests. 

Next  the  nonmaskable  interrupt  operates  in  Mode   1    only.  Following  the  interrupt 
acknowledge,  an  RST  instruction  will  always  be  executed,  with  a  Call  to  memory  loca- 
tion OO6616.  No  other  RST  instruction  can  be  executed  and  no  interrupt  vector  should 
be  placed  on  the  Data  Bus;  if  a  vector  is  placed  on  the  Data  Bus,  it  will  be  ignored 
Nonmaskable  interrupt  timing  is  illustrated  in  Figure  7-14. 
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THE  HALT  INSTRUCTION 

When  a  Halt  instruction  is  executed  by  theZ80  CPU,  a  sequence  of  NOP  instructions  is 
executed  until  an  interrupt  request  is  received.  Both  maskable  and  nonmaskable  inter- 
rupt request  lines  are  sampled  on  the  rising  edge  of  4>  during  T4  of  every  NOP  instruc- 
tion's machine  cycle. 

;  Interrupt  Acknowledge)-... - i 


Forced  Wait  State 


Figure  7-13.  Wait  States  During  Z80  Response  To  A  Maskable  Interrupt  Request 


<t> 

NMI 

AO  -  A15 

Ml 

MREQ 

*RD 

RFSH 


J L 


Figure  7-14.  Z80  Response  To  A  Nonmaskable  Interrupt  Request 

The  Halt  state  will  terminate  when  any  interrupt  request  is  detected,  at  which  time  the 
appropriate  interrupt  acknowledge  sequence  will  be  initiated,  as  illustrated  in  Figures 
7-13  and  7-14. 

Note  that  the  Z80  executes  the  sequence  of  NOP  instructions  during  a  Halt  so  that  it 
can  continue  to  generate  dynamic  memory  refresh  signals 

Halt  instruction  timing  is  illustrated  in  Figure  7-15. 
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INT  or 
NMI 


In  Table  7 

A,F,B,C,D,E, 

AF',BE',CD' 
ADDR 
'x(B) 
COND 


DATA 

DATA 16 

DISP 

xx(HI) 

IV 

IX,  IY 

LABEL 

xx(LO) 

PC 

PORT 

PR 


HALT  INSTRUCTION 
IS  RECEIVED 
DURING  THIS 
MEMORY  CYCLE 

Figure  7-15.  Z80  Halt  Instruction  Timing 
2,  symbols  are  used  as  follows: 

H'L  The  8-bit  registers.  A  is  the  Accumulator  and  F  is  the  Pro- 

gram Status  Word, 
-ML'  The  alternative  register  pairs 

A  1 6-bit  memory  address 

Bit  B  of  8-bit  register  or  memory  location  x 

Condition  for  program  branching.  Conditions  are: 

NZ  —  not  zero  {Z  =  0) 

Z  —  zero<Z=  1) 

NC  -—  not  carry  (C  =  0) 

C  —  carry  (C  =  1) 

PO  —  odd  parity  (P  =  0) 

PE  —  even  parity  (P  =  1) 

P  —  sign  positive  (S  =  0) 

M  —  sign  negative  (S  =  1} 

An  8-bit  binary  data  unit 

A  16-bit  binary  data  unit 

An  8-bit  signed  binary  address  displacement 

The  high  order  8  bits  of  a  16-bit  quantity  xx 

Interrupt  vector  register  (8  bits) 

The  Index  registers  (16  bits  each) 

A  16-bit  instruction  memory  address 

The  low  order  8  bits  of  a  16-bit -quantity  xx 

Program  Counter 

An  8-bit  I/O  port  address 

Any  of  the  following  register  pairs: 
BC 
DE 
HL 
AF 

The  Refresh  register  (8  bits) 
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REG  Any  of  the  following  registers: 

A 
B 
C 
D 
E 
H 
L 

RP  Any  of  the  following  register  pairs: 

BC 

DE 

HL 

SP 
SP  Stack  Pointer  (16  bits) 

STATUSES      C  —  Carry  status 
Z  —  Zero  status 
S  —  Sign  status 
P/O  —  Parity/Overflow  status 
Ac  —  Auxiliary  Carry  status 
N  —  Subtract  status 
The  following  symbols  are  used  in  the  status  columns: 

X  —  flag  is  affected  by  operation 

(blank)  —  flag  is  not  affected  by  operation 

1   —  flag  is  set  by  operation 

0  —  fiag  js  reset  by  operation 

?  —  flag  is  unknown  after  operation 

P  —  flag  shows  parity  status 

0  —  flag  shows  overflow  status 

1  —  flag  shows  interrupt  enabled/disabled  status 

U  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is 

enclosed  within  the  brackets,  then  the  designated  register's  contents  are 
specified  If  an  l/G  port  number  is  enclosed  within  the  brackets,  then  the 
I/O  port  contents  are  specified.  If  a  memory  address  is  enclosed  within 
the  brackets,  then  the  contents  of  the  addressed  memory  location  are 
specified. 

ft  ]]  Implied  memory  addressing;  the  contents  of  the  memory  location  desig- 

nated by  the  contents  of  a  register. 

A  Logical  AND 

V  Logical  OR 

■V-  Logical  Exclusive-OR 

:  Compare  operands  x;y  sets  status  flags  but  does  not  change  x  or  y. 

—  Data  is  transferred  in  the  direction  of  the  arrow 

4        *  Data  is  exchanged  between  the  two  locations  designated  on  either  side 

of  the  arrow 
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Table  7-3.  ^7^  Of  Instruction  Object  Codes  And  Execution  Cycles 
With  8080A  Mnemonics  For  Identical  Instructions 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 

8080A 

8080A 

PERIODS 

MNEMONIC 

CLOCK 
PERIODS 

ADC 

DATA 

CE     YY 

2 

7 

ACI 

DATA 

ADC 

(HL) 

8E 

1 

7 

ADC 

M 

7 

ADC 

HL,RP 

ED     01xx1010 

2 

15 

ADC 

{IX  +  DISP) 

DD     8E     YY 

3 

19 

ADC 

(IY  +  DISP) 

FD     8E     YY 

3 

19 

ADC 

REG 

10001xxx 

1" 

4 

ADC 

REG 

4 

ADD 

DATA 

C6     YY 

2 

7 

ADI 

DATA 

7 

'add 

(HL) 

86 

1 

7 

ADD 

M 

7 

ADD 

HL,RP 

00xx1001 

1 

11 

DAD 

RB 

10 

ADD 

(IX  +  DISP) 

DD     86     YY 

3 

19 

ADD 

IX,PP 

DD     00xx1001 

2 

15 

ADD 

(IY  +  DISP) 

FD     86     YY 

3 

19 

ADD 

IY.RR 

FD     00xx1001 

2 

15 

ADD 

REG 

lOOOOxxx 

1 

4 

ADD 

REG 

4 

AND 

DATA 

E6     YY 

2 

7 

ANi 

DATA 

7 

AND 

(HL) 

A6 

1 

7 

ANA 

M 

7 

AND 

(IX  +  DISP) 

DD     A6     YY 

3 

19 

AND 

(IY  +DISP) 

FD     A6     YY 

3 

19 

AND 

REG 

10100xxx 

1 

4 

ANA 

REG 

4 

BIT 

B,(HL) 

CB 
0lbbb110 

2 

12 

BIT 

B,(IX  +  DISP) 

DD     CB     YY 
01bbb110 

4 

20 

BIT 

B,(IY  +  DISP) 

FD     CB     YY 
01bbb110 

4 

20 

BIT 

B.REG 

CB 
Olbbbxxx 

2 

8 

CALL 

LABEL 

CD     ppqq 

3 

17 

CALL 

LABEL 

17 

CALL 
CALL 

C,LABEL 
M,LABEL 

DC     ppqq 
FC     ppqq 

3 
3 

10/17 
10/17 

CC 
CM 

LABEL 
LABEL 

11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
11/17 
4 

CALL 

NCLABEL 

D4     ppqq 

3 

10/17 

CNC 

LABEL 

CALL 

NZ.LABEL 

C4     ppqq 

3 

10/17 

CNZ 

LABEL 

CALL 

P,LABEL 

F4     ppqq 

3 

10/17 

CP 

LABEL 

CALL 

PE,LABEL 

EC     ppqq 

3 

10/17 

CPE 

LABEL 

CALL 

PO.LABEL 

E4     ppqq 

3 

10/17 

CPO 

LABEL 

CALL 
CCF 

Z,LABEL 

CC     ppqq 
3F 

3 

1 

10/17 
4 

CZ 
CMC 

LABEL 

CP 

DATA 

FE     YY 

2 

7 

CPI 

DATA 

7 

CP 

(HU 

BE 

1 

7 

CMP 

M 

7 

CP 

(IX  +  DISP) 

DD     BE     YY 

3 

19 

CP 

(IY  +  DISP) 

FD     BE     YY 

3 

19 

CMP 

REG 

19 

CP 

REG 

1011 txxx 

1          I 

4 

CPD 

ED     A9 

2 

16 

I 
i 

CPDR 

ED     B9 

2 

21/16 

I 

* 

CPI 

ED     A1 

2 

16 

I 

CPIR 

ED     B1 

2 

21/16 

CPL 

2F 

1 

4 

CMA 

4 

DAA 

27 

1 

4 

DAA 

4 
10 

DEC 

(HL) 

35 

1 

11 

DCR 

M 

DEC 

IX 

DD     2B 

2 

10 

DEC 

(IX  +  DISP) 

DD     35     YY 

3 

23 

DEC 

IY 

FD     2B 

2 

10 

DEC 

OY  +  DISP) 

FD     35     YY 

3 

23 

DEC 

RP 

OQsslfill 

1 

« 

W 

RP 

5 
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Tabte  7-3.  A  Summary  Of  Instruction  Object  Codes  And  Execution  Cycles 
With  8080A  Mnemonics  For  Identical  Instructions  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

8080A 
MNEMONIC 

8080A 
CLOCK 
PERIODS 

DEC 

REG 

00xxx101 

1 

4 

DCR             REG 

5 

D! 

F3 

1 

4 

Dl 

4 

DJNZ 

DISP 

10     YY 

2 

8/13 

E! 

FB 

1 

4 

El 

4 

EX 

AF,AF 

08 

1 

4 

EX 

DE.HL 

EB 

1 

4 

i  XCHG 

4 

EX 

(SP),HL 

E3 

1 

19 

]  XTHL 

18 

EX 

(SP),IX 

DD     E3 

2 

23 

EX 

{SP),IY 

FD     E3 

2 

23 

EXX 

D9 

1 

4 

HALT 

76 

1 

4 

j  HLT 

4 

!M 

0 

ED     46 

2 

8 

!M 

1 

ED     56 

2 

8 

!M 

2 

ED     5E 

2 

8 

IN 

A,PORT 

DB     YY 

2 

10 

■  IN                 PORT 

10 

IN 

REG,(C) 

ED 
01ddd000 

2 

11 

INC 

(HL) 

34 

1 

11 

IMR              M 

10 

INC 

IX 

DD     23 

2 

10 

! 

INC 

(IX  +  DISP) 

DD     34     YY 

3 

23 

INC 

IY 

FD     23 

2 

10 

INC 

(IY  +  DISP) 

FD     34     YY 

3 

23 

INC 

RP 

00xx001 1 

1 

6 

!  INX              RP 

5 

INC 

REG 

OOxxxlOO 

1 

4 

■  INR              REG 

5 

IND 

ED     AA 

2 

15 

1 

"* 

INDR 

ED     BA 

2 

20/15 

INI 

ED     A2. 

2 

15 

INIR 

ED     B2 

2 

20/15 

* 

JP 

LABEL 

C3     ppqq 

3 

10 

JMP             LABEL 

10 

JP 

CLABEL 

DA     ppqq 

3 

10 

JC                LABEL 

10 

JP 

(ML) 

E9 

1 

4 

PCHL 

5 

JP 

(IX) 

DD     E9 

2 

8 

JP 

(IY) 

FD     E9 

2 

8 

JP 

M,LABEL 

FA     ppqq 

3 

10 

JM               LABEL 

10 

JP 

NC.LABEL 

D2     ppqq 

3 

10 

JNC             LABEL 

10 

JP 

NZ.LABEL 

C2     ppqq 

3 

10 

JNZ             LABEL 

10 

JP 

P.LABEL 

F2     ppqq 

3 

10 

JP                LABEL 

10 

JP 

PE,LABEL 

EA     ppqq 

3 

10 

JPE              LABEL 

10 

JP 

PO,LABEL 

E2     ppqq 

3 

10 

,  JPO             LABEL 

10 

JP 

Z.LABEL 

CA     ppqq 

3 

10 

JZ                LABEL 

10 

JP, 

CDISP 

38     YY 

2 

7/12 

JR 

DISP 

18     YY 

2 

12 

JR 

NC,DISP 

30     YY 

2 

7/12 

JR 

NZ.DISP 

20     YY 

2 

7/12 

JR 

Z,DISP 

28     YY 

2 

7/12 

LD 

A,(ADDR) 

3A     ppqq 

3 

13 

LDA             ADDR 

13 

LD 

A,(BC) 

OA 

1 

7 

LDAX          B 

7 

LD 

A,(DE> 

1A 

1 

7 

LDAX          D 

7 

LD 

A,l 

ED     57 

2 

9 

LD 

A,R 

ED     5F 

2 

9 

LD 

(ADDR),A 

32     ppqq 

3 

13 

STA            ADDR  ' 

13 

LD 

(ADDR),BC 

ED     43     ppqq 

4 

20 

LD 

(ADDR>,DE 

ED     53     ppqq 

4 

20 
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Table  7-3.  A  Summary  Of  Instruction  Object  Codes  And  Execution  Cycles 
With  8080 A  Mnemonics  For  Identical  Instructions  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

8080A 
MNEMONIC 

8080A 
CLOCK 
PERIODS 

LD 

(ADDR),HL 

22     ppqq 

3 

16 

SHLD    ADDR 

16 

: 

LD 

(ADDR),IX 

DD     22     ppqq 

4 

20 

LD 

(ADDR)JY 

LD     FD     22     ppqq 

4 

20 

LD 

(ADDR).SP 

ED     73     ppqq 

4 

20 

LD 

(BCLA 

02 

1 

7 

STAX    B 

7 

LD 

(DELA 

12 

1 

7 

STAX    D 

7 

LD 

HL,(ADDR) 

2A     ppqq 

3 

16 

LHLD    ADDR 

16 

LD 

(HLIDATA 

36     YY 

2 

10 

MVI       M.DATA 

10 

LD 

(HL),REG 

01110sss 

1 

7 

MOV    M,REG 

7 

LD 

LA 

ED     47 

2 

9 

LD 

IX,(ADDR) 

DD     2A     ppqq 

4 

20 

LD 

IX,DATA16 

DD     21     YYYY 

4 

14 

LD 

(IX   +   DISP),DATA 

DD     36     YY     YY 

4 

19 

LD 

(IX  +  DISP),REG 

DD     01 1 10sss 
YY 

3 

19 

LD 

lY.(ADDR) 

FD     2A     ppqq 

4 

20 

LD 

!Y,DATA16 

FD     21     YYYY 

4 

14 

LD 

(!Y  +   DISP),DATA 

FD     36     YYYY 

4 

19 

LD 

,     (IY  +  DISP},  REG 

FD     01110sss 
YY 

3 

19 

LD 

RrA 

ED     4F 

2 

9 

LD 

REG.DATA 

00ddd110 
YY 

2 

7 

MVI      REG  DATA 

7 

LD 

REG,(HL) 

01ddd110 

1 

7 

MOV    REG,M 

7 

LD 

REG,(lX  +  D!SP> 

DD 

01ddd110 

YY 

3 

19 

LD 

REG,(IY  +   D!SP) 

FD 

01dddl10 
YY 

3 

19 

LD 

REG,REG 

Oldddsss 

1 

4 

MOV    REG,  REG 

5 

LD 

RP,(ADDR) 

ED     01xx1011 
ppqq 

4 

20 

LD 

RP,DATA16 

00xx0001 
YYYY 

3 

10 

LXI        RP,  DATA  16 

10 

LD 

SP,HL 

F9 

1 

6 

PSHL 

5 

LD 

SP,iX 

DD     F9 

2 

10 

LD 

SP,IY 

FD     F9 

2 

10 

LDD 

ED     A8 

2 

16 

LDDR 

ED     B8 

2 

21/16 

* 

LD! 

ED     AO 

2 

16 

LDIR 

ED     BO 

2 

21/16 

* 

NEG 

ED     44 

2 

8 

NOP 

00 

1 

4 

NOP 

4 

OR 

DATA 

F6     YY 

2 

7 

OR!       DATA 

7 

OR 

(HL) 

B6 

1 

7 

ORA     M 

7 

OR 

(IX  +  DISP) 

DD     B6     YY 

3 

19 

OR 

(IY  +  DISP) 

FD     B6     YY 

3 

19 

OR 

REG 

10110xxx 

1 

4 

ORA     REG 

5 

OTDR 

ED     BB 

2 

20/15 

* 

OTIR 

ED     B3 

2 

20/15 

* 

OUT 

(C),REG, 

01sss001              I 
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Table  7-3.  A  Summary  Of  Instruction  Object  Codes  And  Execution  Cycles 
With  8080A  Mnemonics  For  Identical  Instructions  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

8080A 
MNEMONIC 

8080A 
CLOCK 
PERIODS 

OUT 

PpRT.A 

D3     YY 

2 

11 

OUT            PORT 

10 

OUTD 

ED     AB 

2 

15 

OUT! 

ED     A3 

2 

15 

POP 

IX 

DD     E1 

2 

14 

POP 

IY 

FD     E1 

2 

14 

POP 

PR 

11xx0001 

1 

10 

POP            RP 

10 

PUSH 

IX 

DD     E5 

2 

15 

PUSH 

IY 

FD     E5 

2 

15 

PUSH 

PR 

11xx0101 

1 

11 

PUSH           RP 

11 

RES 

B,(HL) 

CB 
10bbb110 

2 

15 

(* 

RES 

B,(IX  +  DISP) 

DD     CB     YY 
10bbb110 

4 

23 

*- 

RES 

B,(IY  +  DISP) 

FD     CB     YY 
10bbb110 

4 

23 

RES 

B.REG 

CB 
lObbbxxx 

2 

8 

RET 

C9 

10 

RET 

10 

RET 

C 

D8 

5/11 

RC 

5/11 

RET 

M 

F8 

5/11 

RM 

,5/11 

RET 

NC 

DO 

5/11 

RNC 

5/11 

RET 

HZ 

CO 

5/11 

RNZ 

5/11 

RET 

P 

FO 

5/11 

RP 

5/11 

RET 

PE 

E8 

5/11 

RPE 

5/11 

RET 

PO 

EO 

5/11 

RPO 

5/11 

RET 

Z 

C8 

5/11 

RZ 

5/11 

RETI 

ED     4D 

2 

14 

RETN 

ED     45 

2 

14 

RL 

(HU 

CB     16 

2 

15 

RL 

(IX  +  DISP) 

DD     CB     YY     16 

4 

23 

RL 

(IY  +   DISP) 

FD     CB     YY     16 

4 

23 

RL 

REG 

CB 
OOOIOxxx 

2 

8 

RLA 

17 

1 

4 

RAL 

4 

RLC 

<HL) 

CB     06 

2 

15 

RLC 

(IX   +   DISP) 

DD     CB     YY     06 

4 

23 

RLC 

(IY   +   DISP) 

FD     CB     YY     06 

4 

23 

RLC 

REG 

CB 
OOOOOxxx 

2 

8 

RLCA 

07 

1 

4 

RLC 

4 

RLD 

ED     6F 

2 

18 

I 

RR 

(ML) 

CB     1E 

2 

15 

RR 

(IX   +   DISP) 

DD     CB     YY     1E 

4 

23 

i 

RR 

(IY   +   DISP) 

FD     CB     YY     1E 

4 

23 

RR 

REG 

CB 
0001 1xxx 

2 

8 

RRA 

1F 

1 

4 

RAR 

4 

RRC 

(HL) 

CB     OE 

2 

15 

RRC 

(IX  +   DISP) 

DD     CB     YY     OE 

4 

23 

RRC 

(IY  +   DISP) 

FD     CB     YY     OE 

4 

23 
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Table  7-3.  A  Summary  Of  Instruction  Object  Codes  And  Execution  Cycles 
With  8080A  Mnemonics  For  Identical  Instructions  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

8080A 
MNEMONIC 

8080A 
CLOCK 
PERIODS 

RRC 

REG 

CB 
00001 xxx 

2 

8 

RRCA 
RRD. 

OF 
ED     67 

1 
2 

4 
18 

RRC 

4 

RST 
SBC 
SBC 
SBC 

N 

DATA 
(HL) 
HL.RP 

11XXX111 

DE     YY 

9E 

ED     01xx0010 

1 
2 
1 
2 

11 
7 
7 

15 

RST           N 
SBI             DATA 
SBB           M 

11 
7 
7 

SBC 

(IX  +  DISP) 

DD     9E     YY 

3 

19 

SBC 

(IY  +  DISP) 

FD     9E     YY 

3 

19 

SBC 
SCF 
SET 

REG 
B.(HL) 

1001 Ixxx 

37 

CB 
11bbb110 

1 
1 
2 

4 
4 
15 

SBB           REG 
STC 

4 

4 

SET 

B,(IX  +  DISP) 

DD     CB     YY 
11bbb110 

4 

23 

SET 

B,(IY  +  DISP) 

FD     CB     YY 
11bbb110 

4 

23 

SET 

B,REG 

CB 
11bbbxxx 

2 

8 

SLA 

(HL) 

CB     26 

2 

15 

SLA 

(IX   +   DISP) 

DD     CB     YY     26 

4 

23 

SLA 

(IY  +   DISP) 

FD     CB     YY     26 

4 

23 

SLA 

REG 

CB     OOlOOxxx 

2 

8 

SRA 

(HL) 

CB     2E 

2 

15 

SRA 

(IX  +  DISP) 

DD     CB     YY     2E 

4 

23 

SRA 

(IY  +  DISP) 

FD     CB     YY     2E 

4 

23 

SRA 

REG 

CB     00 10 Ixxx 

2 

8 

SRL 

(HL) 

CB     3E 

2 

15 

SRL 

(IX  +   DISP) 

DD     CB     YY     3E 

4 

23 

SRL 

(IY  +  DISP) 

FD     CB     YY     3E 

4 

23 

SRL 

REG 

CB     001 11 xxx 

2 

8 

SUB 
SUB 
SUB 

DATA 

(HL) 

(IX   +   DISP) 

D6     YY 

96 

DD     96     YY 

2 
1 
3 

7 
7 

19 

SUI             DATA 
SUB           M 

7 

7 

SUB 

(IY  +  DISP) 

FD     96     YY 

3 

19 

SUB 
XOR 
XOR 
XOR 

REG 

DATA 

(HL) 

(IX  +  DISP) 

10010xxx 

EE     YY 

AE 

DD     AE     YY 

1 
2 
1 
3 

4 
7 
7 
19 

SUB           REG 
XRI            DATA 
XRA           M 

4 
7 
7 

XOR 

(IY  +   DISP) 

FD     AE     YY 

3 

19          I 

1 

XOR 

REG 

10101xxx 

1 

4           I 

XRA          REG 

4 

x  represents  an  optional  binary  digit. 

bbb  represents  optional  binary  digits  identifying  a  bit  location  in  a  register  or  memory  byte, 

ddd  represents  optional  binary  digits  identifying  a  destination  register. 

sss  represent  optional  binary  digits  identifying  a  source  register, 

ppqq  represents  a  four  hexadecimal  digit  memory  address. 

YY  represents  two  hexadecimal  data  digits. 

YYYY  represents  four  hexadecimal  data  digits. 

When  two  possible  execution  times  are  shown  (i.e.,  5/11),  it  indicates  that 
the  number  of  clock  periods  depends  on  condition  flags. 

•Execution  time  shown  is  for  one  iteration. 
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THE  Z80  INSTRUCTION  SET 

We  are  going  to  describe  the  Z80  instruction  set  as  an  8080A  enhancement.  Table 
7-2  summarizes  the  Z80  instruction  set  in  the  standard  format  used  for  all 
microcomputers  in  this  book;  unfortunately,  the  fact  that  the  8080A  instruction 
set  is  a  subset  of  Table  7-2  is  not  immediately  obvious,  since  a  number  of  signifi- 
cant conceptual  differences  exist  between  the  Zilog  and  8080A  assembly 
language  mnemonics.  Table  7-3  therefore  shows  Z80  equivalents  for  every 
8080A  instruction.  The  few  incompatibilities  which  exist  are  identified. 

Also  because  of  Z80  mnemonics,  the  Zilog  instruction  set  is  not  easily  forced  into 
the  standard  instruction  categories  that  we  have  selected  for  consistency.  In  par- 
ticular, Z80  mnemonics  group  Memory  Reference,  Register-Register  Move  and 
Immediate  instruction  into  a  single  "Load  and  Exchange"  category.  The  same 
holds  true  for  Z80  Arithmetic  and  Logical  instructions;  in  Table  7-2  these  become 
Secondary  Memory  Reference,  Register-Register  Operate  and  Immediate  Operate 
instructions. 

INPUT/OUTPUT  INSTRUCTIONS 

These  are  the  types  of  input/output  instructions  provided  by  the  Z80: 

1}  The  standard  8080A  IN  and  OUT  instructions,  whereby  the  second  byte  of  in- 
struction object  code  provides  an  I/O  port  address,  which  appears  on  Address  Bus 

lines  AO  -  A7 

2)  Register  indirect  Input  and  Output  instructions.  These  instructions  transfer  data 
between  Register  A,  B,  C,  D,  E,  H  or  I,  and  the  I/O  port  identified  by  the  contents  of 
Register  C.  Thus  the  instruction: 

LD  CPORTN         ;LOAD  PORT  NUMBER  INTO  REGISTER  C 


IN 


D.<C) 


;INPUT  DATA  FROM  PORTN  TO  REGISTER  D 


is  equivalent  to: 

IN  A,  (PORTN) 

LD  D.A 

The  I/O  port  address,  now  the  contents  of  Register  C,  is  output  on  AO  -  A7  in  the 
usual  way. 

3)  Block  Transfer  I/O  instructions.  These  instructions  move  a  block  of  data  between 
the  I/O  port  identified  by  Register  C  and  a  memory  location  addressed  by  the  H  and 
L  register  pair  Register  B  is  used  as  a  block  byte  counter.  After  each  byte  of  data 
within  the  block  is  transferred,  the  contents  of  Register  B  are  decremented;  you  can 
specify  block  transfer  I/O  instructions  that  will  either  increment  or  decrement  the 
memory  address  in  Registers  H  and  L.  Here  is  a  programming  example  with  the 
8080A  equivalent: 


Z80 

8080A 

LD 

B.COUNT 

MVI 

B,COUNT 

LD 

CPORTN 

LXI 

H.START 

LD 

HLSTART 

LOOP: 

IN 

PORTN 

OTIR 

MOV 
INX 
OCR 
JNZ 

M,A 
H 
B 
LOOP 
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These  instruction  sequences  input  COUNT  bytes  from  I/O  port  PORTN,  and  store 
the  data  in  a  memory  buffer  whose  beginning  address  is  START,  COUNT  and 
PORTN  are  symbols  representing  8-bit  numbers.  START  is  an  address  label.  The 
block  transfer  I/O  instruction  will  continue  executing  until  the  B  register  has  decre- 
mented to  0. 

4)  Single  Step  Block  Transfer  I/O  instructions.  These  are  identical  to  the  block 
transfer  I/O  instructions  described  in  category  3  above,  except  that  instruction  ex- 
ecution ceases  after  one  iterative  step.  Referring  to  the  OTIR  instruction  example,  if 
the  OTIR  instruction  were  replaced  by  an  OUTI  instruction,  a  single  byte  of  data 
would  be  transferred  from  PORTN  to  the  memory  location  addressed  by  START, 
The  address  START  would  be  incremented,  Register  B  contents  would  be  decre- 
mented, then  instruction  execution  would  cease. 

When  a  block  transfer  or  single  step,  block  transfer  I/O  instruction  is  executed,  C 
register  contents,  which  identify  the  I/O  port,  are  output  on  the  lower  eight  Adckess  Bus 
lines  in  the  usual  way;  however,  B  register  contents  are  output  on  the  higher  eight  ad- 
dress lines  A15  -  A8.  Therefore  external  logic  can,  if  it  wishes,  determine  the  extent  of 
the  transfer. 

Let  us  now  look  at  the  advantages  gained  by  having  the  new  Z80  I/O  instructions. 

The  value  of  the  Register  Indirect  I/O  instructions  is  that  programs  stored  in  ROM 
can  access  any  I/O  port.  If  I/O  port  assignments  change,  then  all  you  need  to  do  is 
modify  that  small  portion  of  program  which  loads  the  I/O  port  address  into  the  C 
register. 

The  Block  Transfer  I/O  instructions  must  be  approached  with  an  element  of  cau- 
tion. In  response  to  the  execution  of  a  single  instruction's  object  code,  up  to  256  bytes 
of  data  may  be  transferred  between  memory  and  an  I/O  port  This  data  transfer  occurs 
at  CPU  speed  —  which  means  external  logic  must  input  or  output  data  at  the  same 
speed.  If  external  logic  cannot  operate  fast  enough,  it  can  insert  Wait  states  in  order  to 
slow  the  CPU,  but  that  takes  additional  logic;  and  one  might  argue  that  the  traditional 
methods  of  polling  on  status  to  effect  block  I/O  transfers  is  cheaper  than  adding  extra 
Wait  state  logic 

Note  that  all  Z80  enhanced  I/O  instructions  require  two  bytes  of  object  code. 
PRIMARY  MEMORY  REFERENCE  INSTRUCTIONS 

Instructions  that  we  classify  as  Primary  Memory  Reference  constitute  a  subset  of  the 
Load  instructions,  as  classifed  by  Zilog.  Within  the  Primary  Memory  Reference  in- 
structions category,  as  we  define  it,  Zilog  offers  a  single  enhancement:  base  rela- 
tive addressing.  Instructions  that  move  data  between  a  register  and  memory  may 
specify  the  memory  address  as  the  contents  of  an  Index  register;  plus  an  8-bit  displace- 
ment provided  by  the  instruction  object  coda  Here  is  a  programming  example  of  Zilog 
base  relative  addressing  and  the  8080A  equivalent: 


Z80 

8080A 

LD 

IX.BASE 

LSI 

H,BASE 

LD 

COX  +  DISP) 

LXI 

D,DISP 

DAD 

D 

MOV 

CM 

Observe  that  the  two  Z80  instructions  do  not  use  any  CPU  registers  —  other  than  the  IX 
Index  register.  The  8080A  uses  the  DE  and  HL  registers.  Here  is  an  example  of  the  true 
value  that  results  from  having  Index  registers  The  Z80  can  use  the  DE  and  HL  registers 
to  store  temporary  data,  which  the  8080A  cannot  do;  the  8080A  would  have  to  store 
such  temporary  data  in  externa!  read/write  memory. 
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The  biggest  single  advantage  that  accrues  to  the  Z80  from  having  indexed  addressing 
is  the  fact  that  well  written  Z80  programs  will  contain  far  fewer  memory  reference  in- 
structions than  equivalent  8080A  programs;  therefore  Z80  programs  will  execute' 

faster. 

Other  primary  memory  reference  instructions  provided  by  the  Z80,  and  not  present  in 
the  8080A,  include  instructions  which  load  data  into  the  Index  registers  and  store  Index 
registers'  contents  in  memory.  Since  the  8080A  does  not  have  Index  registers,  it  cannot 
have  memory  reference  instructions  for  them.  The  Z80  also  has  instructions  which 
transfer  16-bit  data  between  directly  addressed  memory  and  any  register  pair,  except 
AF.  Recall  that  in  the  8080A,  HL  is  the  only  register  pair  which  stores  to  memory  and 
loads  from  memory  using  direct  addressing. 

BLOCK  TRANSFER  AND  SEARCH  INSTRUCTIONS 

We  classify  the  Zilog  Block  Transfer  and  Search  instructions  in  a  separate  catego- 
ry, since  our  hypothetical  computer,  as  described  in  Volume  I,  had  no  equivalent 
instructions. 

A  Block  Transfer  instruction  allows  you  to  move  up  to  65,536  bytes  of  data  bet- 
ween two  memory  buffers  which  may  be  anywhere  in  memory.  The  H  and  L 

registers  address  the  source  buffer,  the  D  and  E  registers  address  the  destination  buffer, 
and  the  B  and  C  registers  hold  the  byte  count. 

After  every  byte  of  data  is  transferred,  the  B  and  C  registers'  contents  are  decremented; 
instruction  execution  ceases  after  the  B  and  C  registers  decrement  to  zero.  You  have 
the  option  of  incrementing  or  decrementing  the  source  and  destination  addresses 
following  the  transfer  of  each  data  byte.  Thus  you  can  transfer  data  from  low  to  high 
memory,  or  from  high  to  low  memory.  Here  is  a  programming  example  of  the  Z80  Block 
Move  instruction,  along  with  the  8080A  equivalent: 


Z80 

8080A 

LD 

BCCOUNT 

LXI 

B.COUNT 

LD 

DE.DEST 

LXI 

D,DEST 

LD 

HLSRCE 

LXI 

H,SRCE 

LDIR 

LOOP: 

MOV 

A.M 

INX 

H 

XCHG 

MOV 

M.A 

INX 

H 

XCHG 

DCX 

B 

MOV 

A,B 

ORA 

C 

JNZ 

LOOP 

The  two  instruction  sequences  illustrated  above  move  a  block  of  data,  COUNT  bytes 
long,  from  a  buffer  whose  starting  address  is  SRCE  to  another  buffer  whose  starting  ad- 
dress is  DEST.  SRCE  and  DEST  are  16-bit  address  labels.  COUNT  is  a  symbol  represent- 
ing a  16-bit  data  value. 

The  Z80  -  8080A  comparison  above  is  one  that  makes  the  8080A  look  particularly  bad. 
This  is  because  it  emphasizes  8080A  weaknesses;  the  8080A  requires  memory  ad- 
dresses to  be  incremented  as  separate  steps.  Also,  after  decrementing  the  counter  in 
Registers  B  and  C,  status  is  not  set,  therefore  BC  contents  are  tested  by  loading  B  into  A 
and  ORing  with  C. 

You  can  use  Block  Move  instructions  in  Z80  configurations  that  include  dynamic 
memory.  While  the  Block  Move  is  being  executed,  dynamic  memory  is  refreshed. 
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The  Block  Search  instruction  will  search  a  block  of  data  in  memory,  looking  for  a 
match  with  the  Accumulator  contents.  The  H  and  L  registers  address  memory,  while 
the  B  and  C  registers  again  act  as  a  byte  counter  When  a  match  between  Accumulator 
contents  and  a  memory  location  is  found,  the  Search  instruction  ceases  executing; 
After  every  Compare,  the  B  and  C  registers'  contents  are  decremented;  once  again  you 
have  the  option  of  either  incrementing  or  decrementing  H  and  L  registers'  contents. 
Thus  you  can  search  a  block  of  memory  from  high  address  down,  or  from  low  address 
up. 

The  results  of  every  step  in  a  Block  Search  are  reported  in  the  Z  and  P/O  statuses  If  a 
match  is  found  between  Accumulator  and  memory  contents,  then  Z  is  set  to  1 ;  other- 
wise Z  will  equal  0.  When  the  B  and  C  registers  count  out  to  zero,  the  P/O status  will  be 
reset  to  0;  otherwise  the  P/O  status  will  equal  1.  - 

Here  is  an  example  of  a  program  using  the  Z80  Block  Search  instruction,  along  with 
8080A  program  equivalent: 


Z80 


8080A 


LD 

A,REFC 

LXI 

BCCOUNT 

LD 

BCCOUNT 

LXI 

HLSRCE 

LD 

HLSRCE         LOOP: 

MVI 

A,REFC 

CPDR 

CMP 

M 

JR 

Z,FOUND 

JEQ 

FOUND 

;NO  MATCH  FOUND 

DCX 

H 

- 

DCX 

B 

- 

MOV 

A,B 

;MATCH  FOUND 

ORA 

C 

FOUND: 

JNZ 

LOOP 

;NO  MATCH  FOUND 


;MATCH  FOUND 
FOUND:     - 


Each  of  the  above  instruction  sequences  tries  to  match  a  character  represented  by  the 
symbol  REFC  with  the  contents  of  bytes  in  a  memory  buffer.  The  memory  buffer  is 
origined  at  SRCE  and  is  COUNT  bytes  long. 

In  the  example  illustrated  above,  SRCE  is  the  highest  memory  address  for  the  buffer, 
which  is  searched  towards  the  low  memory  address.  FOUND  is  the  label  for  the  first  in- 
struction in  the  sequence  which  is  executed  if  a  match  is  found.  If  no  match  is  found, 
that  is.  the  BC  registers  count  out  to  0,  program  execution  continues  with  the  next  se- 
quential instruction. 

The  Z80  Block  Search  instruction  is  particularly  useful  when  searching  a  large 
memory  buffer  for  a  byte  that  may  frequently  occur.  Suppose  you  have  an  ASCII  text 
in  which  Control  codes  have  been  imbedded.  For  the  sake  of  argument,  let  us  assume 
that  all  Control  codes  are  two  bytes  long,  where  the  first  byte  has  the  hexadecimal 
value  02  and  the- second  byte  identifies  the  Control  code.  You  can  use 'one  set  of 
registers  in  order  to  search  the  text  buffer  for  Control  codes,  while  using  the  second  set 
of  registers  toprocess  the  text  buffer  after  each  Control  code  has  been  located. 
All  you  need  to  do  in  the  Block  Search  instruction  sequence  illustrated  above  is  follow 
the  CPDR  instruction  with  an  EXX  instruction;  after  executing  the  instruction  sequence 
following  MATCH  FOUND,  again  execute  an  EXX  instruction  before  returning  to  search 
for  the  next  Control  code. 
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Each  of  the  Block  Move  and  Block  Search  instructions  has  a  single  step 
equivalent.  The  single  step  instruction  moves  one  byte  of  data,  or  compares  the  Ac- 
cumulator contents  with  the  next  byte  in  a  data  buffer;  addresses  and  counters  are  in- 
cremented and  decremented  as  for  the  Block  Move  and  Search  instructions,  however 
execution  ceases  after  a  single  step  has  been  completed. 

SECONDARY  MEMORY  REFERENCE  (MEMORY  OPERATE) 
INSTRUCTIONS 

Instructions  that  we  classify  as  Secondary  Memory  Reference,  or  Memory  Operate,  con- 
stitute a  portion  of  the  arithmetic  and  logical  instructions,  as  defined  by  the  Z80,  With- 
in the  Memory  Operate  group  of  instructions,  the  single  enhancement  offered  by 
the  Z80  is  a  duplicate  set  of  instructions  that  uses  base  relative  addressing.  We 

have  already  discussed  this  enhancement  in  connection  with*  Primary  Memory 
Reference  instructions.  Here  is  a  programming  example  with  the  8080A  equivalent: 


Z80 

8080A 

LD 

IX,BASE 

LXI 

H,BASE 

ADD 

(IX  +  DISP) 

LXI 

D,DISP 

DAD 

D 

ADD 

M 

The  same  comments  we  made  regarding  the  use  of  indexed  addressing  in  the  Primary 
Memory  Reference  example  apply  to  the  instruction  sequences  above. 

IMMEDIATE  INSTRUCTIONS 

Within  the  group  of  instructions  that  we  classify  as  Immediate,  the  Z80  offers  two 
enhancements: 

1)     Instructions  are  provided  to  load  immediate  data  into  the  additional  Z80  registers. 

2}     You  can  use  base  relative  addressing  to  load  a  byte  of  data  immediately  into 
read/write  memory. 

JUMP  INSTRUCTIONS 

In  addition  to  the  standard  Jump  instruction  offered  by  the  8080A,  the  Z80  has  a 
two-byte,  unconditional  Branch  instruction,  and  two  instructions  which  allow  you 
to  jump  to  the  memory  location  specified  by  an  Index  register. 

The  two  indexed  Jump  instructions  transfer  the  contents  of  the  identified  index  register 
to  the  Program  Counter 

The  two-byte  Jump  instruction  interprets  the  second  object  code  byte  as  an  8-bit 
signed  binary  number,  which  is  added  to  the  Program  Counter,  after  the  Program 
Counter  has  been  incremented  to  point  to  the  next  instruction.  This  is  a  standard  pro- 
gram relative  branch,  as  described  in  Volume  I. 

Note  that  the  Z80  uses  many  of  the  spare  8080A  object  codes  to  implement  the  two- 
byte  Branch  and  Branch-on-Conditton  instructions.  This  makes  sense;  it  would  cer- 
tainly not  make  much  sense  to  have  twcrbytes  of  object  code  followed  by  a  single 
branch  byte,  since  that  would  create  a  three-byte  Branch  instruction  — offering  no  ad- 
vantage over  the  three-byte  Jump  instructions  which  already  exist. 

SUBROUTINE  CALL  AND  RETURN  INSTRUCTIONS 

The  Z80  instructions  in  this  group  are  identical  to  8080A  equivalents. 

IMMEDIATE  OPERATE  INSTRUCTIONS 

Z80  Immediate  Operate  instructions,  as  we  define  them,  are  identical  to  those  in 
the  8080A  instruction  set. 
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JUMP-ON-CONDITION  INSTRUCTION 

The  Z80  offers  two  significant  Jump  on  Condition  instruction  enhancements  over 
the  8080 A: 

1 )  There  are  two-byte  equivalents  for  four  of  the  more  commonly  used  Jump-on- 
Condition  instructions.  The  two-byte  Jump-on-Condition  instructions  execute  ex- 
actly as  described  for  the  two-byte  Jump  instruction 

2)  There  is  a  decrement  and  Jump-on-Nonzero  instruction  which  is  particularly 
useful  in  any  kind  of  iterative  loop.  When  this  instruction  is  executed,  the  B  register 
contents  are  decremented;  if  the  B  register  contents,  after  being  decremented, 
equal  zero,  the  next  sequential  instruction  is  executed.  If  after  being  decremented 
the  B  register  contents  are  not  zero,  then  a  Jump  occurs.  This  is  a  two-byte  instruc- 
tion, where  the  Jump  is  specified  by  a  single  8-bit  signed  binary  value. 

Here  is  an  example  of  how  the  DJNZ  instruction  may  be  used  along  with  the  8080A 
equivalent: 


LOOP: 


Z80 

AND 

A 

LD 

IX,VALA 

LD 

IY.VALB 

LD 

B.CNT 

LD 

A.(IX) 

ADC 

A.(IY) 

LD 

(IX).A 

INC 

IX 

INC 

IY 

DJNZ 

LOOP 

LOOP: 


8080A 

ANA 

A 

LXI 

KVALA 

LXI 

D,VALB 

MVI 

B,CNT 

MOV 

A,M 

XCHG 

ADC 

M 

INX 

H 

XCHG 

MOV 

M,A 

INX 

H 

DCR 

B 

JNZ 

LOOP 

The  two  instruction  sequences  illustrated  above  perform  simple  multibyte  binary  addi- 
tion. The  contents  of  two  buffers,  origined  at  VALA  and  VALB,  are  summed;  the  results 
are  stored  in  buffer  VALA. 

The  first  instruction  in  each  sequence  is  executed  in  order  to  clear  the  Carry  status.  Like 
the  8080A,  the  Z80  does  not  have  an  instruction  which  sets  the  Carry  status  to  0,  while 
performing  no  other  operation. 

REGISTER-REGISTER  MOVE  INSTRUCTIONS 

Register-Register  Move  instructions,  as  we  defined  them  in  this  book,  constitute  a 
subset  of  the  Z80  Load  instructions.  All  Z80  Exchange  instructions,  except  those  that 
exchange  with  the  top  of  the  Stack,  are  also  classified  as  Register-Register  Move  in- 
structions. 

The  Z80  enhancements  within  this  instruction  group  apply  strictly  to  the  addi- 
tional registers  implemented  within  the  Z80.  That  is  to  say,  because  the  Z80  has 
registers  which  the  8080A  does  not  have,  the  Z80  must  also  have  instructions  to  move 
data  in  and  out  of  these  additional  registers 

The  instructions  which  exchange  data  between  registers  and  their  alternates  need 
comment.  Note  that  you  can  swap  the  entire  set  of  duplicated  registers,  or  you  can 
swap  selected  register  pairs.  If  you  use  these  instructions  following  an  interrupt 
acknowledge,  you  do  not  have  to  save  the  contents  of  the  registers  on  the  Stack.  Of 
course,  this  will  only  work  for  a  single  interrupt  level.  There  are  also  occasions  when  the 
alternate  set  of  registers  can  be  used  effectively  in  normal  programming  logic,  as  we  il- 
lustrated when  describing  the  Block:Search  instruction. 
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REGISTER-REGISTER  OPERATE  INSTRUCTIONS 

There  are  a  few  new  Z80  Register-Register  Operate  instructions  which  do  the 
following: 

1)  Add  without  Carry  the  contents  of  a  register  pair  to  an  Index  register. 

2)  Add  with  Carry  to  HL  the  contents  of  a  register  pair 

3)  Subtract  with  Carry  from  HL  the  contents  of  a  register  pair. 

REGISTER  OPERATE  INSTRUCTIONS 

Within  this  category,  the  Z80  has  three  enhancements: 

1)  You  can  increment  or  decrement  the  contents  of  an  Index  register. 

2)  A  rich  variety  of  Shift  and  Rotate  instructions  have  been  added.  These  instructions 
are  illustrated  in  Table  1-2.  In  particular,  note  the  RLD  and  RRD  instructions,  which 
are  very  useful  when  performing  multidigit  BCD  left  and  right  shifts. 

BIT  MANIPULATION  INSTRUCTIONS 

The  8080A  has  no  equivalent  for  this  set  of  Z80  instructions.  We  give  these  instruc- 
tions a  separate  category  in  Table  7-2  because  of  their  extreme  importance  in 
microprocessor  applications. 

Bit  manipulation  instructions  are  particularly  important  for  signal  processing.  A  single 
signal  is  a  binary  entity;  it  is  not  part  of  an  8-bit  unit  One  of  the  great  oversights  among 
microprocessor  designers  has  been  to  ignore  bit  manipulation  instructions.  The  Z80 
has  instructions  that  set  to  1  (SET),  reset  to  0  (RES)  or  test  (BIT)  individual  bits  in 
memory  or  any  general  purpose  register.  The  result  of  a  bit  test  is  reported  in  the  Zero 
status 

Here  are  some  Z80  instructions  with  8080A  equivalents: 

Z80  8080A 

BIT  4,A  MOV  B.A 

AN!  10H 

The  8080A  tests  Accumulator  bits  destructively  —  all  untested  bits  are  cleared;  Ac- 
cumulator contents  must  therefore  be  saved  before  testing.  We  can  also  contrive  an  ex- 
ample to  emphasize  the  strengths  of  the  Z80  bit  instructions: 

Z80  8080A 


LD 

IY,BASE 

LXI 

H,BASE 

SET 

2.0Y  +  DISP) 

LXI 

D,DISP 

DAD 

D 

MVI 

A,4 

ORA 

M 

Once  again,  note  that  the  8080A  needs  to  use  the  D,  E,  H  and  L  registers. 

Note  that  all  Z80  Bit  instructions  operate  on  memory  or  CPU  registers.  But  in  most 
microcomputer  applications  individual  pins  at  I/O  ports  will  most  frequently  be  set 
reset  or  tested  The  Z80  has  no  I/O  Bit  instructions.  If  you  wish,  you  can  interface  I/O 
devices  so  that  they  are  addressed  as  memory  locations;  however,  in  that  case,  you 
cannot  use  Block  I/O  instructions 
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The  8080A  can  do  anything  that  a  Z80  Bit  Manipulation  instruction  can  do  but  an  addi- 
tional Mask  instruction  is  needed  and  the  Accumulator,  is  involved.  On  the  surface 
these  seem  to  be  small  penalties;  but  it  is  the  frequency  with  which  Bit  Manipulation 
instructions  are  needed  that  escalates  small  penalties  into  major  aggravations 

STACK  INSTRUCTIONS 

Additional  Stack  instructions  provided  by  the  Z80  allow  the  Z80  Index  registers 
to  be  pushed  onto  the  Stack,  popped  from  the  Stack,  or  exchanged  with  the  top  of 
the  Stack. 

INTERRUPT  INSTRUCTIONS 

in  addition  to  the  8080A  Interrupt  instructions,  the  Z80  has  two  Return-from-lnterrupt 
instructions  RETI  and  RETN  are  used  to  return  from  maskable  and  nonmaskable  in- 
terrupt service  routines,  respectively. 

RETI  and  RETN  are  two-byte  instructions.  Within  the  CPU  these  instructions  enable 
interrupts,  but  otherwise  execute  exactly  as  a  Return-from-Subroutine  (RET)  in- 
struction. However,  devices  designed  by  Zilog  to  support  the  Z80  CPU  use  the 
RETI  and  RETN  instructions  in  a  unique  way.  Any  support  device  that  has  logic  to  re 
quest  an  interrupt  also  includes  logic  which  tests  the  Data  Bus  contents  during  the  low 
M1  pulse.  Upon  detecting  the  second  byte  of  anRETI  or  RETN  instruction's  object  code, 
a  device  which  has  had  an  interrupt  request  acknowledged  determines  that  the  inter- 
rupt has  been  serviced 

Why  does  a  support  device  need  to  know  that  an  interrupt  service  routine  has  com- 
pleted execution?  The  reason  is  that  Ziiog  extends  interrupt  priority  arbitration  logic 
beyond  the  interrupt  acknowledge  process  to  the  entire  interrupt  service  routine. 

This  is  the  scheme  adopted  by  the  8259  PICU.  After  reading  the  next  paragraph,  if  you 
are  still  unclear  on  concepts,  refer  back  to  the  8259  PICU  discussion  in  Chapter  4 

Consider  the  typical  daisy  chain  scheme  used  to  set  interrupt  priorities  in  a  multiple  in- 
terrupt microcomputer  system  Daisy  chaining  has  been  described  in  good  detail  in 
Volume  J.  When  more  than  one  device  is  requesting  an  interrupt,  an  acknowledge  rip- 
ples down  the  daisy  chain  until  trapped  by  the  interrupt  requesting  device  electrically 
closest  to  the  CPU-  As  soon  as  the  interrupt  acknowledge  process  has  ceased,  an  inter- 
rupt service  routine  is  executed  for  the  acknowledged  interrupt;  acknowledged  external 
logic  will  now  remove  its  interrupt  request  Unless  the  CPU  disables  further  interrupts,  a 
lower  priority  device  can  immediately  interrupt  the  service  routine  of  a  higher  priority 
device.  With  the  Zilog  system,  that  is  not  the  case.  A  device  which  has  its  interrupt  re- 
quest acknowledged  continues  to  suppress  interrupt  requests  from  all  lower  priority 
devices  in  a  daisy  chain,  until  the  second  object  code  byte  for  an  RETI  or  RETN  instruc- 
tion is  detected  on  the  Data  Bus  The  acknowledged  device  responds  to  an  RETI  or 
RETN  instruction's  object  code  by  re-enabling  interrupts  for  devices  with  lower  priority 
in  the  daisy  chain. 

Providing  a  Zilog  microcomputer  system  has  been  designed  to  make  correct  use  of  the 
RETI  and  RETN  instructions,  interrupt  priority  arbitration  logic  will  allow  an  interrupt 
service  routine  to  be  interrupted  only  by  a  high  priority  interrupt  request. 


7-55 


Here  is  an  illustration  of  the  Zilog  interrupt  priority  arbitration  scheme: 


1  IREQ1 


*  Active 
IREQ2 


f 


Lower  priority 
interrupts 


suppressed  *Active 

IREQ3  IREQ4 


LLc~3JLcJ^iii— ill 


"^ 


DEVICE  2    I  I     DEVICE  3 


Device  2  Interrupt  Request 


Main 

Main 
Program 

Program 

^r    Device  2  interrupt  ^w 

X          service  routine          ^^ 

Only  IREQ1  can  be 

RET!  instruction  executed 

acknowledged  while  Device  2 

here  enables  interrupts  at 

interrupt  service  routine  is 

Devices  3  and  4,  IREQ4 

executing 

can  now  be  acknowledged 

The  three  IM  instructions  allow  you  to  specify  that  the  CPU  will  respond  to 
maskable  interrupts  in  Mode  0,  1  or  2.  These  three  interrupt  response  modes  have 
already  been  described, 

STATUS  AND  MISCELLANEOUS  INSTRUCTIONS 

Z80  and  8080A  instructions  in  these  categories  are  identical, 
THE  BENCHMARK  PROGRAM 

Our  benchmark  program  is  coded  for  the  Z80  as  follows; 

LOAD  PROGRAM  LENGTH  INTO  BC 
LOAD  TABLE  BASE  ADDRESS 
LOAD  ADDRESS  OF  FIRST  FREE  TABLE 
BYTE  OUT  OF  FIRST  TWO  TABLE  BYTES 
LOAD  SOURCE  ADDRESS  INTO  HL 
EXECUTE  BLOCK  MOVE 

The  program  above  makes  absolutely  no  assumptions  Both  source  and  destination  ta- 
bles may  have  any  length  and  may  be  located  anywhere  in  memory. 

Notice  that  there  is  no  instruction  execution  loop,  since  the  LDIR  block  move  will  not 
stop  executing  until  the  entire  block  of  data  has  been  moved 


LD 

BC.LENGTH 

LD 

IXJABLE 

LD 

E.(iX) 

LD 

D,(IX   +    1) 

LD 

HLIOBUF 

LDIR 
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SUPPORT  DEVICES  THAT  MAY  BE  USED  WITH  THE 

Z80 

The  Z80  signal  interface  is  very  close  to  that  of  the  8080A.  When  looking  at  Z80  signals 
we  saw  how  they  may  be  combined  to  generate  8080A  equivalents-  Thus  8080A  sup- 
port devices  described  in  Chapter  4  may  be  used  with  the  Z80  CPU.  Exceptions 
are  the  8259  Priority  Interrupt  Control  Unit  and  the  TMS5501  multifunction 
device. 

The  8259  Priority  Interrupt  Control  Unit  should  not  be  used  with  the  Z80  CPU  because 
the  Z80  CPU  provides  essentially  the  same  capabilities  within  the  CPU  chip  itself.  So  far 
as  signal  interface  is  concerned,  you  could  use  an  8259  with  a  Z80,  but  it  would  make 
no  sense. 

TheTMS5501  cannot  be  used  with  a  Z80  because  it  assumes  status  on  the  Data  Bus  — 
as  output  by  the  8080A  without  an  8228  System  Controller. 

The  8085  support  devices  —  the  8 1 55,  the  8355  and  the  8755  —  are  difficult  to  use 

with  the  Z80;  you  have  to  multiplex  the  low  order  eight  Z80  address  lines  and  the  Z80 
8~bit  Data  Bus  to  simulate  the  8085  multiplexed  bus  lines.  Logic  needed  to  perform  this 
bus  multiplexing  would  likely  be  more  expensive  than  discrete  packages  that  imple- 
ment individual  functions  provided  by  the  8155  and  8355  multifunction  devices 

Using  MC6800  support  devices  with  the  Z80  is  not  practical.  MC6800  support 
devices  all  require  a  synchronizing  clock  signal  whose  characteristics  cannot  be  gener- 
ated simply  from  the  Z80  clock  signal. 

The  Z80  support  devices  (which  we  are  about  to  describe)  are  not  general  purpose 
devices.  The  Z80  PIO  and  CTC  devices  decode  the  M1,  IORQ  and  RD  control  signals  to 
identify  a  number  of  functions.  Table  7-5  defines  the  manner  in  which  the  Z80  PIO 
decodes  these  three  signals.  Were  you  to  use  the  Z80  PIO  or  CTC  with  any  other 
microprocessor,  you  would  have  to  multiplex  the  other  microprocessor's  control  signals 
in  order  to  create  equivalents  of  M1,  IORQ,  and  RD;  this  may  not  be  straightforward. 

THE  Z80  PARALLEL  I/O  INTERFACE  (PIO) 

The  Z80  PIO  is  Zilog's  parallel  interface  device;  it  may  be  looked  upon  as  a 
replacement  for  the  8255  PPI,  but  it  is  equivalent  to  the  PPI  at  a  functional  level 
only.  No  attempt  has  been  made  to  make  the  Z80  PIO  an  upward  compatible 
replacement  for  the  8255  PPI. 

The  Z80  PIO  has  16  I/O  pins,  divided  into  two  8-bit  I/O  ports.  Each  I/O  port  has 
two  associated  control  lines.  This  makes  the  Z80  PIO  more  like  the  Motorola 
MC6820  than  the  8255  PPI. 

The  two  Z80  PIO  I/O  ports  may  be  separately  specified  as  input,  output  or  control 
ports.  When  specified  as  a  control  port,  pins  may  be  individually  assigned  to  input 
or  output.  Port  A  may  be  used  as  a  bidirectional  I/O  port. 

The  Z80  PIO  also  provides  a  significant  interrupt  handling  capability.  This  in 
eludes: 

-  The  ability  to  define  conditions  which  will  initiate  an  interrupt. 

-  Interrupt  priority  arbitration 

-  Vectored  response  to  an  interrupt  acknowledge 

Figure  7-16  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  Z80  PIO. 
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The  Z80  PIO  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply.  All  in- 
puts and  outputs  are  TTL  compatible.  The  device  is  fabricated  using  N-channel 
silicon  gate  depletion  load  technology. 

Z80PIO  PINS  AND  SIGNALS 

Z80  PIO  pins  and  signals  are  illustrated  in  Figure  7-17.  Signals  are  very  straightfor- 
ward; therefore  their  functions  will  be  summarized  before  we  discuss  device  charac- 
teristics and  operation. 

Let  us  first  consider  the  PIO  CPU  interface. 

All  data  transfers  between  the  PIO  and  the  CPU  occur  via  the  Data  Bus,  which 
connects  to  pins  DO  -  D7. 

For  the  PIO  to  be  selected,  a  low  input  must  be  present  at  CE.  There  are  two  addi- 
tional address  Sines  B/A  SEL  selects  Port  A  if  low  and  Port  B  if  high.  For  the 
selected  I/O  port,  C/D  SEL  selects  a  data  buffer  when  low  and  a  control  buffer 
when  high.  Device  select  logic  is  summarized  in  Table  7-4. 

Table  7-4.  Z80  PIO  Select  Logic 


SIGNAL 

SELECTED  LOCATION 

CE 

B/A  SEL 

C/D  SEL 

0 
0 
0 
0 

1 

0 
0 
1 

1 
X 

0 

1 
0 
1 
X 

Port  A  data  buffer 
Port  A  control  buffer 
Port  B  data  buffer 
Port  B  control  buffer 
Device  not  selected 

Z80  PIO  device  control  logic  is  not  straightforward.  Of  the  control  signals  output  by  the 
Z80  CPU,  three  are  input  to  the  PIO;  M 1 ,  IORQ,  and  RD*.  WRis  not  output  tojhe  PIO.  Ta- 
ble 7-5  illustrates  the  way  in  which  Z80  PIO  interprets  M1,  IORQ  and  RD.  Observe 
that  RD  is  being  treated  _as  a  signal  with  two  active  states:  low  RD  specifies  a  read 
operation,  whereas  high  RD  specifies  a  write  operation.  This  does  not  conform  to  the 
CPU,  which  treats  RD  and  WR  as  signals  with  a  low  active  state  only. 

Let  us  now  look  at  the  PIO  external  logic  interface. 

AO  -  A7  represent  the  eight  bidirectional  I/O  Port  A  lines;  I/O  Port  A  is  supported 
by  two  control  signals,  A  RDY  and  A  STB. 

Table  7-5,  Z80  PIO  Interpretation  Of  Control  Signals 


SIGNALS* 

FUNCTIONAL  INTERPRETATION 

M1 

IORQ 

RD 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 

0 
1 

0 
1 

No  function 

Interrupt  acknowledge 

Check  for  end  of  interrupt  service  routine 

Reset 

Read  from  PIO  to  CPU 

Write  from  CPU  to  PIO 

No  function 

No  function 

These  interpretations  only  apply  if  the  device  has  been  selected 

Similarly,  I/O  Port  B  is  implemented  via  the  eight  bidirectional  lines  BO  -  B7  and 
the  two  associated  control  lines  B  RDY  and  B  STB. 
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The  I/O  Port  A  and  B  control  lines  provide  handshaking  logic  which  we  will  de- 
scribe shortly. 

Now  consider  interrupt  control  signals. 

IEI  and  lEO  are  standard  daisy  chain  interrupt  priority  signals.  When  more  than  one 
PIO  is  present  in  a  system,  the  highest  priority  PIO  (i.e.  the  one  electrically  closest  to 
the  CPU)  will  have  IEI  tied  to  +5V  and  will  connect  its  lEO  to  the  IEI  for  the  next  highest 
priority  PIO  in  the  daisy  chain: 


1    / 

\     F 

IEI          lEO 
PiO 
2 

IEI          lEO 
PIO 
3 

Highest 

,         Second 

Third 

(first)   ! 

|          priority 

priority 

priority 

If  you  are  unsure  of  daisy  chain  priority  networks  refer  back  to  Volume  I  for  clarification. 
INT  is  a  standard  interrupt  request  signal  which  is  output  by  the  Z80  PIO  and  must 
be  connected  as  an  input  to  theZ80  CPU  interrupt  request.  Observe  that  there  is  no  in- 
terrupt acknowledge  line  since  M1  and  IORQ  simultaneously  low  constitute  an  interrupt 
acknowledge  and  will  thus  be  decoded  by  the  Z80  PIO, 

Clock,  power  and  ground  signals  are  absolutely  standard.  The  same  clock  signal  is 
used  by  the  PIO  and  the  Z80  CPU. 

Observe  that  there  is  no  Reset  signal  to  the  PIO.  Ml  low  with  both  RD  and  IORQ 
high  constitutes  a  reset  We  will  describe  the  effect  of  a  Z80  PIO  reset  after  discussing 
operating  modes. 
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D3 
D4 
D5 
Ml 

JORQ 
RD 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
+  5V 

<i> 

IEi 
INT 
IEO 
B  RDY 


PIN  NAME  DESCRIPTION 

DO-  D7  Data  Bus 

CE  Device  Enable 

B/A  SEL  Select  Port  A  or  Port  B 

C/D  SEL  Select  Control  or  Data 

M1  Instruction  fetch  machine  cycle 

signal  from  CPU 

IQRQ  Input/Output  request  from  CPU 

RD  Read  cycle  status  from  CPU 

A0  -  A7  Port  A  Bus 

A  RDY  Register  A  Ready 

A  STB  Port  A  strobe  pulse, 

BO  -  B7  Port  B  Bus 

BRDY  Register  B  Ready 

B  STB  Port  B  strobe  pulse 

IEI  Interrupt  enable  in 

IEO  Interrupt  enable  out 

INT  Interrupt  request 

<l>,  +  5V.GND  Clock,  Power  and  Ground 


TYPE 

Tristate,  Bidirectional 

Input 

Input 

Input 

Input 

input 

Input 

Tristate,  Bidirectional 

Output 

Input 

Tristate,  Bidirectional 

Output 

Input 

Input 

Output 

Output 


Figure  7-17.  Z80  PIO  Signals  And  Pin  Assignments 
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Z80  PIO  OPERATING  MODES 

To  the  programmer,  a  Z80  PIO  will  be  accessed  as  four  addressable  locations: 


Data  Bus 
D0-D7 


c 


$ 


i 


I/O  Port  A  logic 


0 


I/O  Port  A 
Data 


•1 

a 


C 


:> 


I/O  Port  A 

Control 


I/O  Port  B  logic 


Z> 


i/O  Port  B 
Control 


r 
§ 

8 

a 

a 
i 

■-| 

s 

a 
a 


\ — / 


I/O  Port  B 


C 


F 
I 

L- . J 


:> 


I/O  Port  A 
A0-A7 


t  I/O  Port  B 
*  BO  -  B7 


By  loading  appropriate  information  into  the  Control  register  you  determine  the 
mode  in  which  the  I/O  port  is  to  operate. 

The  Z80  PIO  has  operating  modes  which  are  equivalent  to  those  of  the  8255  PPI, 
plus  an  additional  mode  which  the  8255  PPI  does  not  have.  However,  8255  PPI 
Mode  0  provides  24  I/O  lines,  as  against  a  maximum  of  16  I/O  lines  available  with  the 
Z80  PIO 

Zilog  literature  uses  Mode  0,  Mode  1  and  Mode  2  to  describe  the  ways  in  which  the  Z80 
PIO  can  operate;  in  order  to  avoid  confusion  between  mode  designations  as  used  by'the 
Z80  PIO  and  the  8255  PPI,  mode  equivalences  are  given  in  Table  7-6.' 

Table  7-6    Z80  PIO  And  8255  Mode  Equivalences 


Z80  PIO 

8255  PPI 

INTERPRETATION 

Mode  3* 

Mode  0 

Simple  input  or  output 

Mode  0 

Mode  1 

Output  with  handshaking 

Mode  1 

Mode  1 

Input  with  handshaking 

Mode  2 

Mode  2 

Bidirectional  I/O  with  handshaking 

Mode  3 

None 

Port  pins  individually  assigned  as  con- 
trols 

'Special  case  of  Mode  3 
Let  us  now  look  at  the  Z80  PIO  modes  in  more  detail. 

Output  mode  (Mode  0)  allows  Port  A  and/or  Port  B  to  be  used  as  a  conduit  for 
transferring  data  to  external  logic.  Figure  7-18  illustrates  timing  for  Mode  0.  An 

output  cycle  is  initiated  when  the  CPU  executes  any  Output  instruction  accessing  the 
I/O  port  The  Z80  PIO  does  not  receive  the  WR  pulse  from  the  CPU,  therefore  it  derives 
an  equivalent  signal  by  ANDing  RD  -  CE  •  C/D  •  IORQ 

This  pseudo  write  pulse  (WR*  in  Figure  7-18)  is  used  to  strobe  data  off  the  Data  Bus  and 
into  the  addressed  I/O  port's  Output  register  After  the  pseudo  write  pulse  goes  high,  on 
the  next  high-to-low  transition  of  the  clock  pulse  <$>,  the  RDY  control  signal  is  output 
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hi£h  to  external  logic.  RDY  remains  high  until  external  logic  returns  a  low  pulse  on  the 
STB  acknowledge.  On_the  following  high-to-low  clock  pulse  4>  transition,  RDY  returns 
low:  The  low-to-high  STB  transition  also  generates  an  interrupt  request 


PORT  OUTPUT 
(8  BITS) 


MODE  0  (OUTPUT)  TIMING 
WR*RD.CE.C/D.|ORQ 


Figure  7-18.  Mode  0  (Output)  Timing 

The  RDY  and  STB  signal  transition  logic  has  been  designed  to  let  RDY  create  STB.  If 
you  connect  these  two  signals,  the  RDY  low-to-high  transition  becomes  the  STB  low-to- 
high  transition  and  RDY  is  strobed  high  for  one  clock  pulse  only  This  may  be  illustrated, 
as  follows; 


n_ 


Timing  for  input  mode  (Mode  1)  is  illustrated  in  Figure  7-19.  External  logic  initiates 
an  input  cycle  by  pulsing  STB  low.  This  low  pulse  causes  the  ISO  PIO  to  load  data  from 
the  I/O  port  pins  into  the  port  Input  register.  On  the  rising  edge  of  the  STB  pulse  an  in- 
terrupt request  will  be  triggered 

On  the  falling  edge  of  the  <$>  clock  pulse  which  follows  STB  input  high,  RDY  will  be  out- 
put low  informing  external  logic  that  its  data  has  been  received. but  has  not  yet  been 
read.  RDY  will  remain  low  until  the  CPU  has  read  the  data,  at  which  time  RDY  will  be 
returned-  high. 

It  is  up  to  external  logic  to  ensure  that  data  is  not  input  to  the  280  PIO  while  RDY 
is  low.  If  external  logic  does  input  data  to  the  Z80  PIO  while  RDY  is  low,  then  the  pre- 
vious data  will  be  overwritten  and  lost  —  and  no  error  status  will  be  reported 
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In  bidirectional  mode  (Mode  2),  the  control  lines  supporting  I/O  Ports  A  and  B  are 
both  applied  to  bidirectional  data  being  transferred  via  Port  A;  Port  B  must  be  set 
to  bit  control  (Mode  3). 

Figure  7-20  illustrates  timing  for  bidirectional  data  transfers.  This  figure  is  simply  a 
combination  of  Figures  7-18  and  7-19  where  the  A  control  lines  apply  to  data  output 
while  the  B  control  lines  apply  to  data  input.  The  only  unique  feature  of  Figure  7-20  js 
that  bidirectional  data  being  output  via  Port  A  is  stable  only  for  the  duration  of  the  A 
STB  low  pulse.  This  is  necessary  in  bidirectional  mode  since  the  Port  A  pins  must  be 
ready  to  receive  input  data  as  soon  as  the  output  operation  has  been  completed. 

Once  again,  it  is  up  to  external  logic  to  make  sure  that  it  conforms  with  the  timing  re- 
tirements of  bidirectional  mode  operation.  External  logic  must  read  output  data  while 
A  STB  is  low.  If  external  logic  does  not  read  data  at  this  time,  the  data  will  not  be  read 
and  the  Z80  PIO  will  not  report  an  error  status  to  the  CPU;  there  is  no  signal  that  exter- 
nal logic  sends  back  to  the  Z80  PIO  following  a  successful  read 

Also,  it  is  up  to  external  logic  to  make  sure  that  it  transmitsdata  to  Port  A  only  while  B 
RDY  is  high  and  A  RDY  is  low.  If  external  logic  tries  to  input  data  while  the  Z80  PIO  is 
outputting  data,  input  data  will  not  be  accepted.  If  external  logic  tries  to  input  data 
before  previously  input  data  has  been  read,  the  previously  input  data  will  be  lost  and  no 
error  status  will  be  reported. 


RD*RD-C£.C/D-10RQ 

Figure  7-19    Mode  1  (Input)  Timing 


WR*WR -CE  .C/D-IORQ 

Figure  7-20    Port  A,  Mode  2  (Bidirectional)  Timing 
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Control  mode  (Mode  3)  does  not  use  control  signals.  You  must  define  every  pin  of 
an  I/O  port  in  Mode  3  as  an  input  or  an  output  pin.  The  section  on  programming  the 
Z80  P!0  explains  how  to  do  this.  Timing  associated  with  the  actual  transfer  of  data  at  a 
single  pin  is  as  illustrated  in  Figures  7-18  and  7-19,  ignoring  the  RDY  and  STB  signals. 
If  all  the  pins  of  a  single  port  are  defined  in  the  same  direction,  then  that  port  can  be 
used  for  simple  parallel  input  or  output  (without  handshaking). 

Z80  PIO  INTERRUPT  SERVICING 

The  Z80  PIO  has  a  single  interrupt  request  line  via  which  it  transmts  interrupt  requests 
to  the  CPU. 

An  interrupt  request  can  originate  from  I/O  Port  A  logic,  or  from  I/O  Port  B  logic.  In 
the  case  of  simultaneous  interrupt  requests,  I/O  Port  A  logic  has  higher  priority. 

An  interrupt  request  may  be  created  in  one  of  two  ways.  We  have  already  seen  in  our 
discussion  of  Modes  0,  1  and  2  that  appropriate  control  signal  transitions  will  activate 
the  interrupt  request  line;  that  is  the  first  way  in  which  an  interrupt  request  may  occur. 
In  Mode  3  you  can  program  either  I/O  port  to  generate  an  interrupt  request  based  on 
the  status  of  signals  at  individual  I/O  port  pins;  you  can  specify  which  I/O  port  pins  will 
contribute  to  interrupt  request  logic  and  what  the  pin  states  must  be  for  the  interrupt 
request  to  occur.  In  a  microcomputer  system  that  has  more  than  one  Z80  PIO  interrupt, 
priorities  are  arbitrated  using  daisy  chain  logic  as  we  have  already  described.  But  there 
is  a  significant  difference  between  priority  arbitration  within  a  Z80  system  as  compared 
to  typical  priority  arbitration.  Figure  7-21  illustrates  interrupt  acknowledge  timing. 

LASTT 
STATE 


nj~Ln_n_n_n_ 


IORQ  ANDM1  INDICATE 
INTERRUPT  ACKNOWLEDGE 


Figure  7-21.  Interrupt  Acknowledge  Timing 
The  Z80  PIO  requires  the  CPU  to  execute  an  RETI  instruction  upon  concluding  an 
interrupt  service  routine.  Following_an  interrupt  an  acknowledged  Z80  PIO  con- 
tinously  scans  the  Data  Bus  whenever  M1  is  pulsed  low.  Until  an  RETI  instruction's  ob- 
ject code  is  detected,  the  acknowledged  Z80  PIO  will  continuously  output  IEO  low,  thus 
disabling  all  lower  priority  Z80  PIOs.  As  soon  as  an  RETI  instruction's  object  code  is 
detected  on  the  Data  Bus,  the  Z80  PIO  will  output  IEO  high,  thus  enabling  lower  priority 
Z80  PIOs.  What  this  means  is  that  interrupt  priorities  extend  to  the  interrupt  service 
routine  as  well  as  the  interrupt  request  arbitration  logic.  Once  an  interrupt  has  been 
acknowledged,  all  lower  priority  interrupt  requests  will  be  denied  until  the 
acknowledged  interrupt  service  routine  has  completed  execution  and  has  executed  an 
RETI  instruction.  However,  higher  priority  interrupts  can  be  acknowledged  and  in  turn 
interrupt  an  executing  service  routine.  This  is  identical  to  the  priority  arbitration  ioqic 
which  we  described  for  the  8259  PICU. 
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You  can,  if  you  wish,  enable  lower  priority  interrupts  by  executing  an  RETi  instruction 
before  an  interrupt  service  routine  has  completed  execution.  But  this  requires  that  you 
execute  an  RETI  instruction  in  order  to  return  from  a  subroutine  within  the  interrupted 
service  routine.  This  instruction  sequence  may  be  illustrated  as  follows: 

;START  OF  INTERRUPT  SERVICE  ROUTINE 


CALL 


ENABLE 


;ENABLE  ALL  INTERRUPTS  AT  PIO  DEVICES 


ENABLE 


RET 
RETI 


;END  OF  INTERRUPT  SERVICE  ROUTINE 


If  you  simply  executed  an  RETI  instruction  shortly  after  entering  an  interrupt  service 
routine,  you  would  make  a  hasty  exit  from  the  routine  —  before  completing  the  tasks 
that  have  to  be  performed  in  response  to  the  acknowledged  interrupt 

PROGRAMMING  THE  Z80  PIO 

You  program  the  Z80  PIO  by  inputting  and  outputting  data  in  conjunction  with  a 
series  of  commands. 

Let  us  start  by  identifying  command  format. 

If  the  0  bit  of  a  command  is  lowf  then  the  receiving  I/O  port  logic  will  interpret  the 
command  as  an  interrupt  vector,  with  which  it  must  respond  to  an  interrupt 
acknowledge,  assuming  that  the  CPU  is  operating  in  interrupt  Mode  2: 

Bit  No. 
Command  Byte 


Interrupt  vector  specified 

Output  these  eight  bits  when 

an  interrupt  request  is  acknowledged 

Do  not  confuse  CPU  interrupt  modes  with  I/O  port  modes;  they  have  nothing  in  com- 
mon. 

In  order  to  define  an  I/O  port's  mode  you  must  output  a  Control  code  to  the  I/O 
port's  Control  buffer.  This  is  the  Control  code  format: 


7    6    5    4    3    2     10  — * 

1    1    |x|x|,|, |,|, |*_ 

i 

1     J 

r^~i 

Bit  No. 
Control  Code 


Mode  Select  Code 
Don't  Care 

00  Output,  Mode  0 

01  Input,  Mode  1 

10  Bidirectional,  Mode2 

1 1  Control,  Mode  3 
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Observe  that  the  same  address,  the  I/O  Port  A  or  B  Control  buffer  address,  is  used  when 
outputting  a  Control  code,  an  interrupt  vector,  or  a  mode  select  The  low  order  four  bits 
of  the  Control  code  determine  the  way  in  which  the  Control  code  will  be  interpreted. 
The  following  Control  code  will  enable  or  disable  interrupts: 


7    6    5    4    3    2     1 

|   ixl^l^lolo],  I 


Bit  No. 
Control  Code 


■  Interrupt  enable  control 
-  Don't  Care 

!0  Disable  interrupts 
1  Enable  interrupts 


If  a  Mode  Select  Control  code  is  output  specifying  that  an  I/O  port  will  operate  in 
Mode  3,  then  the  next  byte  output  is  assumed  to  be  a  pin  direction  mask.  1  iden- 
tifies an  input  pin,  whereas  0  identifies  an  output  pin.  Here  is  a  sample  instruction  se- 
quence: 

.LOAD    PORT    A    CONTROL    ADDRESS    INTO 
REGISTER  C 

;LOAD  MODE  3  SELECT  INTO  ACCUMULATOR 
;OUTPUT  TO  PORT  A  CONTROL  REGISTER 
;DEFINE  PINS  5,  4,  3  AND  1  AS  INPUTS. 
;PINS  7.  6.  2  AND  0  AS  OUTPUTS 

If  you  set  an  I/O  port  to  Mode  3,  then  you  can  define  the  conditions  which  will 
cause  an  interrupt  request;  you  do  this  by  outputting  the  following  interrupt  Con- 
trol code: 


LD 

C,{PORT 

LD 

A.OCFH 

OUT 

(C),A 

LD 

A.3AH 

OUT 

(C).A 

fnterrupt  control  word 

1  if  interrupt  select  mask  follows 

0  otherwise 

1  high  input  on  selected  pins  is  active 
0  low  input  on  selected  pins  is  active 

1  AMD  selected  pins  for  interrupt 

0  OR  selected  pins  for  interrupt 

1  Enable  interrupts 
0  Disable  interrupts 


When  you  output  an  interrupt  Control  code,  as  illustrated  above,  if  bit  4  is  1,  Z80  PIO 
logic  will  assume  that  the  next  Control  code  output  is  an  interrupt  mask.  An  interrupt 
mask  selects  the  pins  that  will  contribute  to  interrupt  request  logic.  A  0  bit  selects  a  pin, 
while  a  1  bit  deselects  the  pin. 

Combining  the  various  Control  codes  that  have  been  described  we  can  now  illustrate  a 
typical  sequence  of  instructions  for  accessing  a  Z80  PIO.  Assume  that  PIO  I/O  port  ad- 
dresses are: 


Port  A  data 

4 

Port  A  command 

5 

Port  B  data 

6 

Port  B  command 

7 
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LD 

A,8FH 

OUT 

(5),A 

LD 

A.2 

OUT 

(5),A 

LD 

C,7 

LD 

A.0.CFH 

OUT 

(C).A 

LD 

A,4EH 

OUT 

(C).A 

LD 

A,4 

OUT 

(C).A 

LD 

A,0B7H 

OUT 

(C).A 

LD 

A,0B3H 

OUT 

(C).A 

We  are  going  to  set  I/O  Port  B  to. Mode  3,  with  an  interrupt  request  triggered  by  either 
pin  6,  3  or  2  high  Pins  6,  3,  2  and  1  will  be  input  pins,  while  pins  7,  5,  4  and  0  are  out- 
puts. The  Port  B  interrupt  vector  wilt  be  04,  Port  A  will  be  a  bidirectional  I/O  port  with 
an  interrupt  vector  of  02,  Here  is  the  initialization  instruction  sequence: 

;SET  PORT  A  TO  MODE  2 

;OUTPUT  INTERRUPT  VECTOR 

;SET  PORT  B  ADDRESS  IN  C 
;SET  PORT  B  TO  MODE  3 

;OUTPUT  PIN  DIRECTION  MASK 

:OUTPUT  INTERRUPT  VECTOR 

;OUTPUT  INTERRUPT  CONTROL  WORD 

;OUTPUT  INTERRUPT  MASK 


THE  Z80  CLOCK  TIMER  CIRCUIT  (CTC) 

The  Z80  Clock  Timer  Circuit  is  a  programmable  device  which  contains  four  sets  of 
timing  logic.  Each  set  of  timing  logic  can  be  programmed  independently  as  an  in- 
terval timer  or  an  external  event  counter. 

The  master  Z80  system  clock  is  used  by  interval  timer  logic  A  time  out  may  be  iden- 
tified by  an  interrupt  request. 

An  external  signal  is  used  to  decrement  when  logic  is  functioning  as  an  event  counter. 
An  interrupt  may  be  requested  when  the  predetermined  number  of  events  count  out. 

If  you  compare  the  Z80  CTC  with  the  8253  Counter/Timer  described  in  Chapter  4, 
you  will  see  that  the  Z80  CTC  has  four  sets  of  counter/timer  logic  as  compared  to 
the  three  sts  of  the  8253;  however  the  8253  has  more  programmable  options.  In  ad- 
dition to  functioning  as  an  event  counter  or  an  interval  timer,  the  8253  can  be  program- 
med to  generate  a  variety  of  square  waves  and  pulse  output  signals 

The  Z80  CTC  is  fabricated  using  N-channel  depletion  load  technology.  It  is 
packaged  as  a  28-pin  DIP.  All  pins  are  TTL  compatible. 

Z80  CTC  FUNCTIONAL  ORGANIZATION 

Before  we  examine  pins,  signals,  and  operating  characterics  of  the  Z80  CTC  in 
detail,  let  us  take  an  overall  look  at  device  logic. 

There  are  four  counter/timer  logic  elements  in  a  Z80  CTC;  each  is  referred  to  as  a 
"channel". 
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Each  of  the  four  counter/timer  channels  may  be  visualized  as  consisting  of  three 
8-bit  registers  and  two  control  signals.  This  may  be  illustrated  as  follows: 


Contro!  Logic 


Channels  0,  1,  and  2  only 


An  initial  counter  or  timer  constant  is  loaded  into  the  Time  Constant  register.  The 

value  in  the  Time  Constant  register  is  maintained  unaltered  until  you  write  a  new  value 
into  this  register 

The  initial  Timer  Constant  is  loaded  into  the  Down  Counter  register  at  the  begin- 
ning  of  a  counter  or  timer  operation;  the  contents  of  the  Down  Counter  register  are 
decremented.  You  can  at  any  time  read  the  contents  of  the  Down  Counter  register  in 
order  to  determine  how  far  a  time  interval  or  event  counting  sequence  has  progressed. 
The  Channel  Control  register  contains  a  Control  code  which  defines  the  channel's 
programmable  options.  There  are  four  Control  registers,  one  for  each  of  the  four  chan- 
nels. Thus  one  channel's  operations  in  no  way  influence  operations  for  any  other  chan- 
nel. 

There  is  an  interrupt  Vector  register  which  is  addressed  as  though  it  were  part  of 
channel  0  logic.  This  register  contains  the  address  which  is  transmitted  by  the  Z80 
CTC  upon  receiving  an  interrupt  acknowledge.  The  Z80  CTC  assumes  that  the  Z80 
CPU  is  operating  in  Interrupt  mode  2  —  in  which  mode  the  device  requesting  an  inter- 
rupt responds  to  an  acknowledge  by  providing  the  second  byte  of  a  subroutine  address 
which  the  CPU  will  Call.  For  details  refer  to  our  earlier  discussion  of  the  Z80  CPU. 

Z80  CTC  PINS  AND  SIGNALS 

Z80  CTC  pins  and  signals  are  illustrated  in  Figure  7-22. 

DO  -  D7  is  the  bidirectional  Data  Bus  via  which  parallel  data  is  transferred  between 
the  CPU  and  any  register  of  the  Z80  CTC. 
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CE  is  the  master  chip  select  signal  for  the  Z80  CTC  This  signal  must  be  low  for  the 

device  to  be  selected. 

While  CE  is  low,  CSO  and  CS1  are  used  to  select  one  of  the  four  counter/timer  logic 
channels  as  follows: 


,S1 

CSO 

Channel 

0 

0 

0 

0 

1 

1 

1 

0 

2 

1 

1 

3 

PIN  NAME 

DESCRIPTION 

TYPE 

D0-D7 

Data  Bus 

Bidirect 

CLK/TRGO,     \ 

CLK/TRG1,     f 
CLK/TRG2,      ? 

External  Clock  or  timer  trigger 

Input 

CLK/TRG3,      J 

ZC/TOO          \ 

ZC/T01           > 

Zero  Count  or  timeout  indicator 

Output 

ZC/T02          j 

M1 

Instruction  fetch  machine  cycle 

Input 

signal  from  CPU 

IORQ 

Input/Output  request  from  CPU 

Input 

RD 

Read  cycle  status  from  CPU 

Input 

RESET 

Device  Reset 

Input 

IEI 

Interrupt  enable  in 

Input 

IEO 

Interrupt  enable  out 

Output 

iNT 

Interrupt  request 

Output 

CE 

Device  enable 

Input 

CSO,  CS1 

Register  select 

Input 

<t>,   +  5V,  GND 

Clock,  power  and  ground 

Figure  7-22.  Z80-CTC  Signals  and  Pin  Assignments 
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CSO  and  CS1  select  registers  associated  with  counter/timer  logic,  to  be  accessed  by 
read  and  write  operations.  The  actual  register  which  will  be  accessed  is  determined  as 
follows: 


Write  to  Channel 

J  I 

7    6    5    4    3     2     10-*- 
M      I      I      I      |V|       |X|^—  Oa,a 


Bit  No- 

written 


Read  from  channel 


Down  Counter 


"  X  =  0,  channel  =  0 
Select  Interrupt 
Vector 

-X  -  1,  select  Channel 
Control  register  on 
first  access. 


*    lf  Y  =0 »*- Select  Time  Constant  register 

on  next  write 

If  Y  =  1 i*-  Select  Channel  Control  register 

again  on  next  write 

(If  Channel  =  0,  select  on  next 

write  according  to  X.) 

As  the  illustration  above  would  imply,  the  Down  Counter  register  is  the  only  location  of 
any  channel  whose  contents  can  be  read.  All  other  registers  are  write  only  locations. 

When  you  write  to  a  channel,  bits  0  and  2  of  the  data  byte  being  written  determine  the 
data  destination  as  follows: 

1)  If  bit  0  is  0  and  you,  are  selecting  channel  0,  then  the  data  is  written  to  the  Interrupt 
Vector  register, 

2)  If  bit  0  is  0  and  you  select  channel  1,  2  or  3,  the  data  destination  is  undefined, 

3)  If  bit  0  is  1,  then  on  the  first  access  of  any  channel  the  data  will  be  written  to  the 
Channel  Control  register, 

4)  If  within  the  data  byte  written  to  a  Channel  Control  register  bit  0  is  1  and  bit  2  is  0, 
then  the  next  data  byte  written  to  this  channel  will  be  loaded  into  the  time  Cons- 
tant register,  irrespective  of  whether  bit  0  is  0  or  1.  The  data  written  will  be  in- 
terpreted  as  a  time  constant;  select  logic  will  immediately  revert  to  selecting  the 
Channel  Control  register  or  the  Interrupt  Vector  register  on  the  next  write,  depend- 
ing on  the  condition  of  bit  0  of  the  next  data  byte. 

M1,  IORQ  and  RD  are  three  control  signals  input  to  the  Z80  CTC,  Combinations  of 
these  three  control  signals  control  logic  within  trie  Z80  CTC,  as  described  for  the 
Z80  PIO.  An  exception  is  the  device  Reset.  The  Z8Q  CTC  has  its  own  Reset  input 
The  PIO  decodes  a  Reset  when  M1  is  low  while  IORQ  and  RD  are  high.  With  the  excep- 
tion of  the  RESET  function.  Table  7-5  defines  the  manner  in  which  the  Z80  CTC  in- 
terprets M1,  IORQ,  and  RD  signals. 

Interrupt  logic  has  three  associated  signals:  IEI,  IEO  and  INT.  These  signals  operate 
exactly  as  described  for  the  Z80  PIO, 

The  Z80  CTC  requests  an  interrupt  with  a  low  INT  output. 

IEI  and  IEO  are  used  to  implement  daisy  chain  priority  interrupt  logic  as  described  for 
the  PIO. 

Each  of  the  four  counter/timer  channels  has  a  CLK/TRG  input  control.  This  signal 
can  be  used  to  trigger  timer  logic;  it  is  also  used  as  a  decrement  control  by  counter 
logic, 
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Counter/timer  logic  systems  0,  1  and  2  have  a  ZC/TO  output.  This  signal  is  pulsed  high 
on  a  time  out  or  a  count  out. 


When  a  low  input  is  applied  to  the  RESET  pin,  the  Z80  CTC  is  reset-  AT  this  time  all 
counter/timer  logic  is  stopped,  INT  is  output  high,  IEO  is  output  at  the  IE!  level  and  the 
Data  Bus  is  floated.  Register  contents  are  not  cleared  during  a  reset. 

Z80  CTC  OPERATING  MODES 

The  Z80  CTC  is  accessed  by  the  CPU  as  four  I/O  ports  or  four  memory  locations. 
Timing  for  any  CTC  access  conforms  to  descriptions  given  earlier  in  this  chapter 
for  the  CPU. 

Let  us  begin  by  looking  at  a  counter/timer  operating  as  a  timer. 

Using  an  appropriate  Control  code  (described  later)  you  select  Timer  mode  for  the  chan- 
nel and  specify  that  an  initial  time  constant  is  to  follow. 

You  load  an  initial  constant  into  the  Time  Constant  register,  after  which  timer  opera- 
tions begin. 

You  have  the  option  of  using  the  CLK/TRG  input  to  start  the  timer,  in  which  case  timer 
logic  is  initiated  by  external  logic.  The  alternative  is  to  initiate  the  timer  under  program 
control,  in  which  case  the  timer  starts  on  the  clock  pulse  following  the  Time  Constant 
register  being  loaded. 

When  timer  operations  begin,  the  Time  Constant  register  contents  are  transmitted  to 
the  Down  Counter  register;  The  Down  Counter  register  contents  are  decremented  on 
every  16th  system  clock  pulse,  or  on  every  256th  system  clock  pulse.  You  make  the 
selection  via  the  Control  code.  Assuming  a  500  nanosecond  clock,  therefore,  the  timer 
will  decrement  the  Down  Counter  register  contents  every  8  microseconds,  or  every  128 
microseconds. 

When  timer  logic  decrements  the  Down  Counter  register  contents  from  1  to  0  a  time 
out  occurs.  At  this  time  ZC/TO  is  pulsed  high,  the  Time  Constant  register  contents  are 
reloaded  into  the  Down  Counter  register  and  timer  logic  starts  again.  Thus  timer  logic  is 
free  running;  once  started,  the  timer  will  run  continuously  until  stopped  by  an  appropri- 
ate Control  code. 

Here  is  a  timing  example  for  a  timer  started  under  program  control  and  decrementing 
the  Down  Counter  register  on  every  16th  clock  pulse: 


15    16     1 


ZC/TO 


,.jp^uu\_...jViyL. 


15    16     1 


Output 
Initial 
Time 
Constant 


\ 


Time  Constant  Decrement 

to  Down  Counter  Down  Counter 

Register,  Start  Register 
Timer 


Down  Counter 
Register 
Decrements 
from  1  to  0. 
Reload  Down 
Counter  from 
Time  Constant 
Register  and 
restart  timer 
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Here  is  a  timing  example  for  a  timer  whose  operations  are  initiated  by  CLK/TRG,  where 
the  Down  Counter  register  contents  are  decremented  on  every  256th  clock  pulse: 


CLK/TRG 


ZC/TO 


Output 

Output 

Time 

Decrement 

Down  Counter 

Restart 

Control 

initial 

Constant 

Down  Counter 

Register  decrements 

Timer 

Code 

time 

to  Down 

Register 

from  1  to  0. 

constant 

Counter 

Register, 

Start 

Timer 

Reload  Down 

Counter  from 

Time  Constant 

register 

Observe  that  every  time  out  is  marked  by  a  ZC/TO  high  pulse.  INT  is  also  output  low 
providing  interrupt  logic  is  enabled  at  the  channel. 

In  the  illustration  above  CLK/TRG  is  shown  as  a  high  true  signal.  You  can  specify 
CLK/TRG  as  a  low  true  signal  via  the  Channel  Control  code;  the  timer  will  be  initiated  as 

follows: 


CLK/TRG 


For  exact  timing  requirements  see  the  data  sheets  at  the  end  of  this  chapter 

You  can  at  any  time  write  new  data  into  the  Time  Constant  register.  If  you  do  this  while 
the  timer  is  running,  nothing  happens  until  the  next  time  out;  at  that  time  the  new  Time 
Constant  register  contents  will  be  transferred  to  the  Down  Counter  register  and  subse- 
quent time  intervals  will  be  computed  based  on  the  new  time  Constant  Register  con- 
tents, 

if  you  are  unforntunate  enough  to  output  data  to  the  Time  Constant  register  while  a 
time  out  is  in  progress  and  the  Time  Constant  register  contents  are  being  transferred  to 
the  Down  Counter  register,  then  an  undefined  value  will  be  loaded  into  the  Down 
Counter  register;  however,  following  the  next  time  out  the  new  value  in  the  Time  Cons- 
tant register  will  apply;  that  is  to  say,  there  will  only  be  one  undefined  time  interval. 

Let  us  now  look  at  a  counter/timer  operating  as  a  counter. 

Using  an  appropriate  Control  code  (described  later)  you  select  Counter  mode  for  the 
channel  and  specify  that  an  initial  time  constant  is  to  follow. 

You  load  an  initial  constant  into  the  Time  Constant  register,  after  which  counter  opera- 
tions begin. 
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When  counter  operations  begin,  the  Time  Constant  register  contents  are  transmitted  to 
the  Down  Counter  register.  The  Down  Counter  register  contents  are  decremented  every 
time  the  CLK/TRG  input  makes  an  active  transition.  Counter  logic  begins  on  the  first  ac- 
tive transition  of  CLK/TRG  following  data  being  loaded  into  the  Time  Constant  register 
The  active  transition  of  CLK/TRG  may  be  selected  under  program  control  as  low-to-high 
or  high-to-low. 

When  counter  logic  decrements  the  Down  Counter  register  contents  from  1  to  0,  a 
count  out  occurs.  At  this  time  theZC/TO  signal  is  pulsed  high;  an  interrupt  request  oc- 
curs, providing  the  channel's  interrupt  logic  has  been  enabled.  The  Time  Constant 
register  contents  are  reloaded  into  the  Down  Counter  register  and  counter  operations 
begin  again.  That  is  to  say,  counter  logic  is  free  running  and  will  continue  to  re-execute 
until  specifically  stopped  by  an  appropriate  Control  code.  Counter  logic  timing  may  be 
illustrated  as  follows: 


JlAfVUAAA 


CLK/TRG 


ZC/TO 


Output     Output       Start 
Control     initial  Counter 

Code        Time 

Constant 


Decrement  Down  Counter 

Down  Counter         register 
Register  decrements 

from  1  to  0 


Restart 
Counter 


Z80  CTC  INTERRUPT  LOGIC 

Every  Z80  CTC  channel  has  its  own  interrupt  logic.  A  channel's  interrupt  logic 
generates  an  interrupt  request  when  the  channel  counts  out  or  times  out.  All  inter- 
rupt requests  are  transmitted  to  the  CPU  via  the  INT  output.  This  is  true  if  one,  or 
more  than  one  channel  is  requesting  an  interrupt.  If  more  than  one  channel  is  re- 
questing an  interrupt,  then  priorities  are  arbitrated  as  follows: 


Highest  Priority 


Lowest  Priority 


Channel  0 
Channel  1 
Channel  2 
Channel  3 


Every  channel's  interrupt  logic  can  be  individually  enabled  or  disabled  under  program 
control 

The  Z80  CTC  device's  overall  interrupt  logic  is  identical  to  that  which  we  have 
already  described  for  the  Z80  PIO. 

The  interrupt  request  is  transmitted  to  the  CPU  via  a  low  INT  signal. 

The  CPU  acknowledges  the  interrupt  by  outputting  M1  and  IORQ  tow  as  illustrated  in 
the  data  sheets  at  the  end  of  this  chapter 

The  device  requesting  an  interrupt  which  is  electrically  closest  to  the  CPU  in  the  daisy 
chain  acknowledges  the  interrupt  Presuming  this  is  a  Z80  CTC,  the  CTC  places  its  in- 
terrupt vector  on  the  Data  Bus;  it  is  assumed  that  the  CPU  is  operating  in  Interrupt 
mode  2.  The  Z80  CTC  immediately  outputs  IEO  low,  disabling  all  devices  below  it  in  the 
daisy  chain. 
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When  an  RETi  instruction  is  executed,  Z80  CTC  logic  sets  IEO  high  again. 

For  more  information  on  Z80  interrupt  logic  refer  back  to  discussions  of  this  subject 
given  earlier  in  the  chapter  for  the  Z80  CPU  and  the  PIO. 

PROGRAMMING  THE  Z80  CTC 

These  are  the  steps  required  to  program  a  Z80  CTC: 

1)  Output  an  interrupt  vector  once,  when  initializing  the  Z80  CTC. 

2)  For  each  active  counter/timer  channel,  output  one  or  more  Control  codes. 
Control  codes  are  used  initially  to  set  counter/timer  operating  conditions  and 
to  load  the  Time  Constant  register.  Subsequently  Control  codes  are  used  to 
start  and  stop  the  counter/timer,  or  to  change  the  initial  time  constant. 

The  interrupt  vector  is  written  to  a  counter/timer  by  outputting  a  byte  of  data  to 
counter/timer  channel  0  with  a.0jn4hejpwilorder...bit.  The  interrupt  vector  may  be  il- 
lustrated as  follows: 

7    6    5    4    3    2    I     0  -m Bit  No.  ■ 

|Y|Y|Y)Y|Y|X|X|Oh« 


-  Must  be  0 

-  Ignored  by  Z80  CTC  which  substitutes 
bits  as  follows: 

0  0  for  Channel  0  interrupt 

0  1  for  Channel  1  interrupt 

1  0  for  Channel  2  interrupt 
1  1  for  Channel  3  interrupt 

-  Address  bits  stored 


The  Control  code  which  must  be  output  to  each  active  channel  will  be  interpreted 
as  illustrated  in  Figure  7-23. 


Ji   ii   Ji   n   n  n   i> 


-  Must  be  1  to  identify  data  as  a  Control  code 

-  RESET       1  stops  channel  immediately  or 

0    leaves  it  running 

*  LOAD         1    Next  data  output  is  a  time  constant  to  be  loaded  into 

the  Time  Constant  register  If  counter/timer  is  not 
running,  do  not  start  until  time  constant  has  been  written. 
0    No  time  constant  follows. 

•  TRIGGER    1    If  timer  is  stopped,  start  on  CLK/TRG  )  Timer  Mode 

0  If  timer  is  stopped,  start  on  0,  (  ( 

1  CLK/TRG  is  high  true 

0  CLK/TRG  is  low  true 

1  Decrement  Down  counter  every  256th  0  pulse.  >  Timer  Mode 

0  Decrement  Down  counter  every  I6th  0  pulse.     J  Only 

1  Counter  mode 

0  Timer  mode 

1  Enable  channel  interrupt 
0    Disable  channel  interrupt 


"  SLOPE 
'  RANGE 
'  MODE 
■  IE 


\  Only 


Figure  7-23.  Z80  CTC  Control  Code  Interpretation 
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Bit  0  must  be  1  to  identify  the  data  as  a  Control  code.  If  bit  0  is  0,  then  the  data  is  in- 
terpreted as  an  interrupt  vector  —  providing  Channel  0  is  addressed;  the  data  is  un- 
defined otherwise. 

Bit  1  is  used  to  stop  the  channel  when  it  is  running.  If  bit  1  is  0,  then  every  time  the 
channel  times  out  the  Down  Counter  register  is  immediately  reloaded  from  the  Time 
Constant  register  contents  and  channel  operations  restart  according  to  current  options. 
If  bit  1  is  1,  the  channel  stops  immediately;  the  ZC/TO  output  is  inactive  and  channel 
interrupt  logic  is  disabled.  The  channel  must  be  restarted  by  outputting  a  new  Control 
code. 

Bit  2  is  used  to  output  time  constants.  If  bit  2  is  1,  then  the  next  data  output  to  the 
channel  will  be  interpreted  as  a  time  constant.  If  bit  2  is  0,  then  the  next  data  output  to 
the  channel  will  be  interpreted  as  another  Control  code,  or  an  interrupt  vector,  depend- 
ing on  the  bit  0  value. 

Bit  3  applies  to  Timer  mode  only;  assuming  that  the  timer  is  not  running,  it  determines 
whether  timer  operations  will  be  initiated  by  the  system  clock  signal  <£,  or  by  CLK/TRG. 

If  bit  3  is  0  then  timer,  operations  are  initiated  by  system  clock  signal  <i>;  the  timer  will 
start  on  the  next  leading  edge  of  <I>,  unless  the  current  Control  code  specifies  {via  bit  2) 
that  a  new  time  constant  is  to  be  output,  in  which  case  the  timer  will  start  on  the  rising 
edge  of  <I>  which  immediately  follows  output  of  the  time  constant  Timing  for  these  two 
cases  has  been  illustrated  earlier. 

If  bit  3  is  1,  then  the  active  transition  of  the  CLK/TRG  signal  initiates  the  timer.  Once 
again,  if  bit  2  of  the  current  Control  code  specifies  that  a  new  time  constant  is  to  be  out- 
put then  timer  logic  cannot  be  started  until  this  new  time  constant  has  been  output. 
Timing  has  been  illustrated  earlier. 

Bit  4  determines  whether  the  low-to-high  or  the  high-to-low  transition  of  CLK/TRG  is 
active.  Assuming  that  bit  6  has  specified  Timer  mode  and  bit  3  has  specified  the  timer 
will  be  triggered  externally  by  CLK/TRG,  the  active  transition  of  CLK/TRG  starts  the 
timer.  If  bit  6  is  not  0  or  bit  3  is  not  1,  then  the  active  transition  of  CLK/TRG  decrements 
the  counter. 

If  bit  4  specifies  that  a  low-to-high  transition  of  CLK/TRG  will  be  active  then  CLK/TRG  is 
a  high  true  signal.  This  may  be  illustrated  as  follows: 


CLK/TRG 


i1 


If  bit  4  specifies  that  the  high-to-low  transition  of  CLK/TRG  will  be  active  then  CLK/TRG 
is  low  true.  This  may  be  illustrated  as  follows; 


CLK/TRG 


2. 


Bit  5  applies  to  Timer  mode  only.  If  bit  5  is  0,  Down  Counter  register  contents  will  be 
decremented  every  16th  system  clock  pulse  (<!>).  If  bit  5  is  1,  the  Down  Counter  register 
contents  will  be  decremented  every  256th  system  clock  pulse  «E>). 

Bit  6  determines  whether  the  channel  will  be  operated  as  a  counter  or  a  timer.  If  bit  6  is 

0,  Timer  mode  is  selected;  Counter  mode  is  selected  if  bit- 6  is  1. 

Bit  7  is  an  interrupt  enable/disable  flag.  If  0,  the  channel's  interrupt  logic  is  disabled;  if 

1,  the  channel's  interrupt  logic  is  enabled. 
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Let  us  now  look  at  the  programming  example.  Here  are  the  assumed  operating 
conditions  for  the  Z80  CTC: 

1)  Channel  0  is  operating  as  a  counter  with  an  initial  time  constant  of  S0]q  and  inter- 
rupt logic  enabled, 

2)  Channel  1  is  operating  as  a  timer.  It  decrements  on  every  16th  system  clock  pulse 
and  has  an  initial  time  constant  of  40jq:  its  interrupts  are  disabled  and  CLK/TRG 
starts  the  timer  on  its  low-to-high  transition, 

3)  Channel  2  is  operating  as  a  timer  It  decrements  every  256th  system  clock  pulse 
and  has  an  initial  time  constant  of  CS^q;  its  interrupts  are  enabled  and  the  system 
clock  starts  the  timer, 

4}     Channel  3  is  inactive 

The  CPU  is  operating  with  interrupt  logic  in  Mode  2.  CTC  interrupt  service  routine  start- 
ing addresses  are  stored  at  memory  locations  2C40^,  2C42-|g  and  2C44ig,  The  CTC 
is  accessed  as  I/O  ports  B8-|g,  B9-|  5  and  BB^g 

Here  is  the  appropriate  CTC  initiation  instruction  sequence: 

.LOAD  INTERRUPT  VECTOR  REGISTER  OF  CPU 

SELECT  CPU  INTERRUPT  MODE  2 
OUTPUT  INTERRUPT  VECTOR  TO 
CHANNEL  0 

;OUTPUT  THE  CONTROL  CODE  TO  CHANNEL  0 

;OUTPUT  THE  INITIAL  COUNT  TO  CHANNEL  0 
XHANNEL  0  BEGINS  OPERATING. 

;OUTPUT  THE  CONTROL  CODE  TO  CHANNEL  1 

;OUTPUT  THE  INITIAL  TIMER  CONSTANT  TO  CHAN- 

NEL1 

;CHANNEL   1    BEGINS  OPERATING    (IF  TRANSITION 

OCCURS) 

.OUTPUT  THE  CONTROL  CODE  TO  CHANNEL  2 

;OUTPUT  THE  INITIAL  TIMER  CONSTANT  TO  CHAN- 
NEL 2 
;CHANNEL  2  BEGINS  OPERATING 


LD 

A,2CH 

LD 

I.A 

IM 

2 

LD 

A,40H 

OUT 

(0B8H),A 

;START  CHANNEL  0 

LD 

A,0C5H 

OUT 

(0B8H),A 

LD 

A.80H 

OUT 

(0B8HLA 

;START  CHANNEL1 

LD 

A.1DH 

OUT 

(0B9H),A 

LD 

A,40H 

OUT 


(0B9HKA 


;START  CHANNEL  2 

LD  A,0A5H 

OUT  (0BAH},A 

LD  A,0C8H 


OUT 


(OBAH).A 
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THE    Z80    DMA    DIRECT    MEMORY    ACCESS 
CONTROLLER 

This  is  one  of  the  most  remarkable  support  devices  described  in  this  book. 
Although  designed  to  work  with  the  Z80  CPU,  it  can  —  and  should  —  be  con- 
sidered in  any  microcomputer  system  that  transfers  data  blocks.  Of  the  Z80  sup- 
port devices  described  in  this  Chapter,  only  the  Z80  DMA  uses  separate  Read  and 
Write  Control  strobes  —  which  is  what  makes  it  universally  usable  with 
microprocessors  in  general. 

While  the  Z80  DMA  device  is  described  as  a  direct  memory  access  controller,  it  is 
in  reality  more  than  that.  Almost  any  conceivable  block  transfer  operation  can  be 
handled  by  the  Z80  DMA  device.  Specifically,  three  types  of  DMA  operations  are  availa- 
ble, each  one  executable  in  one  of  four  modes  These  are  the  three  types  of  DMA  opera- 
tions: 

Type  1  — Transfer  a  block  of  data. 

Type  2  —  Transfer  a  block  of  data,  identifying  a  match  byte  each  time  it  is  encountered. 

Type  3  — Seek  a  match  byte  in  a  block  of  data. 

You  identify  what  a  "match  byte"  is  by  specifying  the  "match  byte"  bit  pattern.  But 
you  do  not  have  to  specify  all  eight  bits;  a  "match  byte"  may  be  keyed  to  the  pattern  of 
one  or  more  bits  within  the  byte 

The  four  modes  of  operation  available  with  each  type  of  DMA  transfer  are: 

1)  Single  byte  mode,  where  each  direct  memory  access  operates  on  a  single  byte  of 

data 

2)  Burst  mode,  where  the  Z80  DMA  device  keeps  control  of  the  bus  for  as  long  as  data 

is  continuously  ready. 

3}     Continuous  mode,  where  the  Z80  DMA  device  retains  bus  access  for  the  entire 
DMA  operation. 

4)     Transparent  mode,  where  the  DMA  transfer  occurs  during  memory  refresh  time; 
therefore  it  does  not  slow  down  program  execution. 

Any  DMA  operation  may  be  continuous,  or  it  may  stop  when  the  end  of  a  block  and/or  a 
match  byte  is  detected. 

Even  within  the  multitude  of  DMA  options  described  above,  data  operations  are  con- 
trolled by  a  bewildering  variety  of  programmable  options  covering  both  the  data  blocks 
operated  on  and  the  control  signals  accompanying  the  data  operations. 

But  the  Z80  DMA  device  pays  a  price  for  these  options;  each  Z80  DMA  device  supports 
a  single  DMA  channel  Unlike  the  8257  DMA  Controller  and  direct  memory  access 
devices  in  general,  the  Z80  DMA  devices  take  charge  of  the  Data  Bus  while  per- 
forming DMA  operations.  Thus,  each  DMA  transfer  becomes  two  events:  a  Read 
machine  cycle  followed  by  a  Write  machine  cycle.  The  Z80  DMA  device  receives  the 
data  via  the  Data  Bus  on  the  Read  machine  cycle  and  sustains  it  on  the  Data  Bus  during 
the  subsequent  Write  machine  cycle,  if  any.  In  contrast,  the  8257  DMA  Controller  is 
disconnected  from  the  Data  Bus  during  any  actual  DMA  transfer,  creating  only  control 
signals  which  must  be  appropriately  interpreted  as  Read  and  Write  strobes  by  logic  at 
the  two  ends  of  the  DMA  transfer  The  Z80  DMA  philosophy  is  more  versatile  and 
makes  the  devices  easier  to  design  with. 

We  will  not  use  our  standard  logic  illustration  to  represent  logic  of  the  Z80  DMA 
devices  since  any  such  illustration  would  be  highly  misleading.  While  the  box 
marked  "Direct  Memory  Access  Control  Logic"  would  be  the  only  area  of  the  figure 
shaded,  in  reality  additional  parallel  data  transfer  capability  is  provided 
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PIN  NAME 
A0-A15 
D0-D7 
M1 

MREQ 

IORQ 
RD 

WR 

CE/WAIT 


DESCRIPTION 

DMA  Address  Bus 

Data  Bus 

Identifies  instruction  fetch 

machine  cycle 

Memory  request  -  identifies  a 

memory  access 

I/O  request  -  identifies  an  I/O  access 

Read  from  memory  or  I/O  device 

Write  to  memory  or  I/O  device 

Multiplexed  chip  select  and 

machine  cycle  extend 

Memory  or  I/O  port  ready 

Interrupt  request 

Interrupt  enable  in 

Interrupt  enable  out 

Bus  Request 

Bus  Acknowledge  in 

Bus  Acknowledge  out 

Timing,  power  and  ground 


TYPE 

Tristate,  Output 

Tristate,  Bidirectional 

Input 

Tristate,  Bidirectional 

Tristate,  Bidirectional 
Tristate,  Bidirectional 
Tristate,  Bidirectional 
Input 

Input 

Output 

Input 

Output 

Bidirectional 

Input 

Output 


Figure  7-24  Z80  DMA  Signals  And  Pin  Assignments 

The  Z80  DMA  device  is  fabricated  using  N  channel  depletion  load  MOS  tech- 
nology. It  is  packaged  as  a  40-pin  DIP.  All  signals  are  TTL  compatible. 

Z80  DMA  DEVICE  PINS  AND  SIGNALS 

Figure  7-24  summarizes  Z80  DMA  device  pins  and  signals. 

The  16  address  lines  A0-A15  output  memory  and  I/O  device  addresses.  Memory 
and  I/O  device  addresses  output  by  the  Z80  DMA  device  are  the  addresses  used  during 


7-79 


the  DMA  operation  The  Z80  DMA  address  lines  must  be  multiplexed  with  the  Z80 
CPU  Address  Bus  since  only  one  or  the  other  can  be  active  at  any  time.  This  may  be  il- 
lustrated as  follows: 


The  Data  Bus  lines  DO  -  D7  are  used  by  the  Z80  CPU  to  write  data  to  Z80  DMA  in 
ternal  registers,  or  to  read  data  from  Z80  DMA  internal  registers.  Unlike  other  DMA 
devices,  however,  the  Z80  DMA  device  also  uses  its  Data  Bus  pins  to  receive  and 
transmit  the  data  byte  which  is  being  transferred  via  direct  memory  access.  This  re- 
quires the  Data  Bus  to  be  multiplexed,  as  illustrated  above  for  the  Address  Bus. 

A  standard  DMA  controller  such  as  the  8257,  described  in  Chapter  4,  does  not  require 
the  Data  Bus  to  be  multiplexed,  as  illustrated  above,  since  the  DMA  controller  itself 
plays  no  part  in  the  actual  transfer  of  data  under  DMA  control  The  only  time  the  8257 
DMA  controller  uses  its  Data  Bus  is  when  it  responds  to  CPU  accesses  —  at  which  time 
it  is  just  another  I/O  support  device. 

CE/WAIT  is  a  multiplexed  input  control  which  is  used  to  input  a  select  signal,  and 
may  be  used  additionally  to  input  a  machine  cycle  extend  signal.  The  chip  select 
logic  applies  only  while  the  CPU  is  accessing  one  of  the  Z80  DMA  internal  registers. 
The  CPU  accesses  the  Z80  DMA  as  a  single  I/O  port.  The  CPU  cannot  access  the  Z80 
DMA  device  as  a  memory  location  Thus  the  low  true  CE  input  must  be  appropriately 
decoded  off  the  Address  Bus,  conditioned  by  control  signals  RD,  WR  and/or  IORQ, 
when  the  CPU  is  performing  a  Read  or  Write  operation.  MREQ  is  not  active  while  the 
CPU  is  accessing  Z80  DMA  internal  registers.  When  the  Z80  DMA  device  is  performing 
a  DMA  operation,  it  is  bus  master;  therefore,  chip  select  logic  and  the  CE  signal  no 
longer  apply.  At  that  time  the  pin  may  optionally  be  used  to  receive  a  WAIT  input 
which,  as  described  for  the  Z80  CPU,  causes  Wait  clock  periods  to  be  inserted  within 
Read  or  Write  machine  cycles  created  by  the  Z80  DMA  device. 

MREQ,  IORQ,  RD  and  WR  are  memory  request,  I/O  request.  Read  and  Write  con- 
trol signals,  respectively.  These  are  the  master  control  signals  identifying  data  on  the 
Data  Bus  We  have  described  these  signals  and  their  use  earlier  in  this  Chapter  while 
discussing  the  Z80  CPU,  These  four  control  signals  are  bidirectional  at  the  Z80  DMA 
device.  They  are  control  inputs  when  the  CPU  is  accessing  internal  registers  of  the  Z80 
DMA  device;  they  are  control  outputs  when  the  Z80  DMA  device  is  controlling  data 
transfer  via  Direct  Memory  Access. 

M1  is  the  control  signal  output  by  the  Z80  CPU  to  identify  an  instruction  fetch 
machine  cycle.  This  signal  is  input  to  the  Z80  DMA  device  so  that  the  device  can 
detect  an  instruction  fetch  machine  cycle  —  during  the  second  half  of  which  dynamic 
memory  refresh  occurs.  M1  is  not  output  by  the  Z80  DMA  device  since  an  instruction 
fetch  cannot  occur  during  a  DMA  data  transfer  operation.  M1  is  also  used  to  identify  an 
interrupt  acknowledge  and  to  decode  an  RETI  instruction. 
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RDY  is  a  control  input  which  is  transmitted  to  the  Z80  DMA  device  by  the  external 

source  or  destination  logic  when  this  source  or  destination  logic  is  ready  to  transmit  or 
receive  data  using  direct  memory  access. 

The  three  interrupt  logic  signals  INT,  IEI,  and  IEO  are  standard  Z80  interrupt  sig- 
nals. The  Z80  DMA  requests  interrupts  by  outputting  a  low  signal  via  INT  During  the 
interrupt  enable  process,  IEI  is  the  daisy  chain  priority  input  and  IEO  is  the  daisy  chain 
priority  output.  These  signals  have  been  described  in  detail  in  the  Z80  PIO  discussion. 

The  Z80  DMA  device  also  uses  the  INT  signal  to  output  a  control  pulse  to  external 
logic.  This  control  pulse  is  directed  to  external  logic  while  the  Z80  DMA  is  bus  master 
—  and  the  Z80  CPU  cannot  therefore  receive  interrupt  requests. 


The  Z80  DMA  device  requests  bus  access  by  outputting  a  low  BUSRQ  signal.  This 
is  transmitted  directly  to  the  Z80  CPU  BUSRQ  input.  When  the  CPU  floats  its  System 
Bus  it  responds  by  outputting  BUSAK  low;  the  Low  BUSAK  signal  must  be  connected 
to  BAI,  which  is  a  daisy  chain  bus  acknowledge  priority  input.  BAO  is  the  daisy 
chain  bus  acknowledge  priority  output.  BAI  jand  BAO  provide  daisy  chain  logic  ex- 
actly as  described  for  IEI  and  IEO,  except  that  BAI  and  BAO  are  negative  true  signals. 
Thus  Z80  DMA  devices  may  be  daisy  chained  separately  for  interrupt  logic  and  bus  ac- 
cess logic. 
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Figure  7-25.  Functional  Logic  Of  The  Z80  DMA  Device 
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Z80  DMA  REGISTERS,  TYPES  OF  TRANSFER  AND  MODES  OF 
OPERATION 

Z80  DMA  device  logic  is  illustrated  functionally  in  Figure  7-25. 


Z80  DMA 
PORTA 
ADDRESS 
REGISTERS 


Z80  DMA 
PORTB 
ADDRESS 
REGISTERS 


During  any  DMA  operation  the  Z80  DMA  device  uses  the  Port 
A  and  Port  B  Address  registers  to  identify  the  data  source  and 
the  data  destination.  The  Byte  Counter  registers  define  the  in- 
itial data  block  length.  The  Port  A  Address  register,  the  Port  B 
Address  register  and  the  Byte  Counter  register  are  all  dupli- 
cated. Data  loaded  into  any  one  of  these  registers  has  a  perma- 
nent storage  location,  plus  a  temporary  storage  location.  Data  is 
preserved  in  the  permanent  storage  location  while  it  is  being  in- 
cremented or  decremented  in  the  temporary  storage  location.  This 
allows  you  subsequently  to  restore  addresses  and  byte  counts  to 
their  original  values  so  that  a  DMA  operation  may  be  restarted  or 
executed  continuously. 

Initially  the  Byte  Counter  temporary  registers  are  set  to  0;  they  are  then  incremented 
until  they  match  the  block  length,  as  defined  by  the  Byte  Counter  permanent  registers. 
Meanwhile,  whenever  the  low  order  Byte  Counter  temporary  register  contents  equal 
the  Pulse  Counter  register  contents,  a  pulse  is  output,  if  so  programmed.  Then  the  origi- 
nal DMA  operation  restarts.  You  can  also  issue  a  discrete  Restart  command  after  a  DMA 
operation  has  stopped;  when  the  Restart  command  is  executed,  permanent  register 
contents  are  moved  to  the  temporary  registers  and  the  DMA  operation  begins  again  ac- 
cording to  prevailing  programmed  options. 

Three  types  of  DMA  operations  may  be  performed,  as  follows: 
TYPE  1  —  Transfer  a  Block  of  Data. 


Z80  DMA 
BYTE  COUNT 
REGISTERS 


A  block  of  data  whose  length  is  defined  initially  by  the  Byte 
Count  register,  is  transferred  from  a  source  to  a  destination: 

Byte  Count 
Register 


Z80  DMA  TYPES 
OF  TRANSFER 


X     X 


Y     Y 


\ 


Transfer  XXYY 
bytes  from 
Source  to 
Destination 


Port  A  or  Port  B 
Address 
Register 


Port  B  or  Port  A 
Address 
Register 
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TYPE  2  —  Transfer  and  Detect  Match  Bytes 

A  block  of  data  is  transferred  from  a  source  to  a  destination,  as  described  for  operation 
Type  1  above,  but  match  bytes  are  detected  during  the  data  transfer.  A  status  flag,  an 
interrupt  request  or  an  end  of  transmission  may  occur  when  the  match  byte  is  found: 


Port  A  or  Port  B 
Address 
Register 


Port  A  or  Port  B 
Address 

Register 


The  match  byte  has  a  bit  pattern  which  you  define,  under 
program  control,  using  the  Match  and  Mask  registers. 


Z80  DMA  MATCH 
AND  MASK 
REGISTERS 


The  Match  register  contents  will  be  compared,  bit  by  bit  with  each  data  byte  arriving 
from  the  source.  The  results  of  the  Match  operation  are  passed  via  the  Mask 
register;  only  these  bit  positions  identified  by  a  0  in  the  Mask  register  contribute  to  a 
match  Providing  all  contributing  bits  are  equivalent,  a  match  will  be  found,  This  may 
be  illustrated  as  follows; 


11110111- 
11010110- 
00100001- 
10000001- 
X010000X- 
No  Match 


-Data  Byte  - 
-Match  Byte- 


■Data  XOR  Match- 

Mask  Byte  — 

Result 


-a— 01010111 
♦  11010110 
-*~  10000001 
-ib^  10000001 

■^-xoooooox 

Match 


TYPE  3  —  Search  for  Match  Byte 

Data  transmitted  from  the  source  is. searched  for  a  match  byte: 


Match  found, 


Port  A  or  Port  B 
Address  Register 
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No  data  is  transmitted  to  the  destination. 

The  Byte  Counter  register  is  1  6  bits  wide;  therefore  up  to  65,536  bytes  may  be  handled 
within  a  single  DMA  operation    The  Byte- Counter  register  must  have  the  initial 

DMA  block  length  loaded  into  it.  If  data  is  transferred  up  to  a  match  byte,  or  a  match 
byte  is  being  sought,  (operation  Types  2  or  3  above)  then  when  the  DMA  operation 
ceases  the  Byte  Counter  register  will  identify  the  number  of  bytes  up  to  the  match  byte 
in  the  DMA  block. 

The  source  and  the  destination  for  a  DMA  data  transfer  may  each  either  be  an  I/O  port 
or  a  memory  location  The  Port  A  and  Port  B  Address  registers  within  the  Z80  DMA 
device  identify  the  source  and  the  destination.  Under  program  control  you  specify 
whether  Port  A  identifies  the  source  and  Port  B  identifies  the  destination,  or  vice  versa. 


Port  A  and  Port  B  Address  registers  are  each  16  bits  wide: 
memory  may  be  addressed. 


thus,  up  to  65,536  bytes  of 


An  I/O  port  is  addressed  by  the  low  order  byte  of  Port  A  and/or  Port  B  The  Z80  DMA 
device  discriminates  betweeen  I/O  port  and  memory  addresses  by  outputtinq  appropri- 
ate bus  control  signals  —  MREQ  with  a  memory  address  and  IORQ  with  an  I/O  port  ad- 
dress. 

The  initial  addresses  loaded  into  the  Port  A  Address  registers  and  the  Port  B  Address 
registers  may  be  incremented,  decremented,  or  left  unaltered  Separate  specifications 
may  be  made  for  the  Port  A  Address  registers  as  against  the  Port  B  Address  registers.  If 
increment  or  decrement  logic  is  specified,  then  the  address  is  incremented  or  decre- 
mented after  each  byte  access.  Thus,  you  can  transfer  data  between  two  fixed  locations 
such  as  I/O  ports: 


B 


I/O  Port 

Data  may  be  transferred  from  memory  to  an  I/O  port: 
xxxx 


B 


I/O  Port 


B- 


I/O  Port 


Or  you  may  transfer  data  from  an  I/O  port  to  memory: 


B 


Memory 


XXXX        start  or 

end  address 


end  or 
start  address 
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When  memory  is  being  accessed,  the  memory  area  may  be  addressed  beginning  at  the 
high  address  or  at  the  low  address,  as  illustrated  above.  Here  are  some  memory  to 
memory  options: 

Memory 


Memory 


end  or  start  address 


start  or  end  address 

Memory 


Memory 


There  is  nothing  to  stop  you  addressing  an  I/O  port  via  the  Port  A  Address  registers,  or 
the  Port  B  Address  registers,  and  incrementing  or  decrementing  the  I/O  port  address. 
This  will  result  in  numerically  sequential  I/O  port  addresses  being  accessed  as  the  DMA 
operation  proceeds.  Because  of  the  small  I/O  port  address  space  typically  available,  {in 
the  case  of  the  Z80,  256  I/O  port  addresses  are  allowed)  incrementing  or  decrementing 
I/O  port  addresses  makes  little  sense  and  will  rarely  be  used.  Thus,  in  the  standard  case, 
memory  addresses  will  be  either  incremented  or  decremented,  while  I/O  port  addresses 
are  left  constant 

The  various  types  of  DMA  transfer  we  have  described  and  the  address  manipula- 
tions allowed  define  the  data  source,  and  the  data  destination,  plus  the  manner  in 
which  data  is  handled  during  a  DMA  access.  There  are,  in  addition,  four  operating 
modes  available,  where  modes  define  the  way  in  which  nhe  Z80  DMA  and  CPU 
devices  compete  for  bus  access.  These  are  the  four  allowed  modes: 

1)  Single  byte  mode.  The  Z80  DMA  device  requests  bus  access,  and  upon  receiving 
it  processes  a  single  byte  of  data,  then  returns  bus  control  to  the  CPU. 

2)  Burst  Mode.  Once  the  Z80  DMA  device  gains  control  of  the  bus,  it  keeps  control 
for  as  long  as  data  is  continuously  ready  to  be  processed.  The  Z80  DMA  device 
returns  bus  control  to  the  CPU  when  no  data  is  ready  to  be  processed. 

3}  Continuous  mode.  Once  the  Z80  DMA  device  gains  control  of  the  bus,  it  keeps 
control  until  the  entire  DMA  operation  has  been  completed,  as  per  the  type  of  DMA 
operation  specified,  but  proceeds  with  the  operation  only  as  directed  by  RDY. 

4)  Transparent  mode.  All  DMA  transfers  occur  during  the  second  half  of  instruction 
fetch  machine  cycles,  within  the  time  allotted  to  memory  refresh  logic.  Some  com- 
plicated timing  is  associated  with  the  use  of  Transparent  mode. 

Irrespective  of  the  DMA  mode  you  employ,  you  must  remember  that  Dynamic 
Memory  Refresh  logic  of  the  Z80  CPU  is  inactive  while  the  Z80  DMA  device  has 
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control  of  the  System  Bus.  This  is  no  problem  in  single  byte  mode,  since  the  bus  is  flo- 
ated for  very  short  time  intervals.  In  Burst  and  Continuous  mode  you  must  make  sure 
that  data  blocks  being  transferred  are  short  enough  for  bus  control  to  return  to  the  CPU 
within  the  time  interval  allowed  by  Dynamic  Memory  Refresh  logic 

It  is  theoretically  possible  to  operate  the  Z80  DMA  device  in  Transparent  mode  while 
simultaneously  using  Z80  CPU  logic  to  refresh  dynamic  memory,  however,  timing  prob- 
lems associated  with  this  dual  use  of  the  instruction  fetch  machine  cycle's  refresh  time 
may  become  complicated 

You  can  perform  aff  three  types  of  DMA  operations  —  "Transfer  a  block  of  data", 
"Transfer  and  look  for  match  found"  or  "Search  for  match  byte"  using  any  one  of 
the  four  DMA  modes. 

Z80  DMA  INTERRUPT  LOGIC 

You  have  the  option  of  controlling  DMA  operations  with  in- 
terrupt requests.  Also  you  have  the  option  of  transmitting 
control  pulses  to  external  logic  via  the  interrupt  request 

line  while  the  bus  is  being  floated  —  and  the  CPU  will  therefore  not  detect  inter- 
rupt requests. 

The  Interrupt  Control  register  must  be  loaded  with  a  Con- 
trol code  that  defines  the  conditions  under  which  an  inter- 
rupt request  will  occur.  The  Interrupt  Vector  register  holds 
the  address  byte  which  will  be  transmitted  to  the  CPU  in 
response  to  an  interrupt  acknowledge.  It  is  assumed  that 
the  CPU  is  operating  its  interrupt  logic  in  Mode  2. 

The  Interrupt  Control  code  is  interpreted  as  follows: 


Z80  DMA 
INTERRUPTS 


Z80  DMA 
INTERRUPT 
CONTROL 
REGISTER 


Z80  DMA 
INTERRUPT 
VECTOR 
REGISTER 


76    5    43     210-*- 


1111.11      I      I      f"^ Interrupt  Control  Register 

u  i  i  i  i  u 


'  Interrupt  at  end  of  block 
"  Interrupt  on  match  found 
"  Generate  INT  pulse 
'  Pulse  count  follows 

Interrupt  vector  follows 
■  Enable  interrupts  as 

defined  by  bits  0,  1  and  6„ 

Interrupt  before  requesting  bus 

Inactive 


In  the  Control  code  illustrated  above,  a  1  in  any  bit  position  selects  the  option. 

Two  forms  of  activity  are  being  specified  by  the  Interrupt  Control  code  illustrated 
above:  interrupt  requests  to  the  CPU  and  control  pulses  to  external  logic. 
Let  us  first  look  at  specifications  for  interrupt  requests  to  the  CPU. 

Providing  overall  device  interrupt  logic  has  been  enabled,  then  interrupt  control  bits  0, 
1  and  6  determine  the  particular  conditions  which  can  generate  an  interrupt  request 
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That  is  to  say,  providing  interrupts  have  been  enabled,  an  interrupt  request  will  occur  at 
one  or  more  of  the  following  times: 

1)  Prior  to  the  Z80  DMA  device  requesting  bus  access,  after  RDY  has  gone  active 

2)  When  the  end  of  a  DMA  block  has  been  reached,  that  is  to  say,  the  Byte  Counter 
registers  match  the  Block  Length  register 

3}     When  a  match  is  found  during  a  "transfer  and  identify  match  byte"  operation,  or 
during  a  "search  and  identify  match  byte"  operation 

When  a  Z80  DMA  device  interrupt  request  is  acknowledged,  an  address  vector  byte  is 
placed  on  the  Data  Bus  —  assuming  that  the  CPU  is  operating  its  interrupt  logic  in  CPU 
interrupt  Mode  2  The  interrupt  vector  byte  comes  from  the  Interrupt  Vector  register 
You  must  load  this  interrupt  vector  byte  into  the  Interrupt  Vector  register.  You  do  this 
by  outputting  an  Interrupt  Control  code  with  a  1  in  bit  4.  This  causes  the  next  data  byte 
output  to  be  written  into  the  Interrupt  Vector  register,  if  bit  3  of  the  Control  code  is  0,  If 
bit  3  is  1 ,  then  the  'next  data  byte  is  a  pulse  count,  and  the  interrupt  vector  is  the  second 
byte  written  to  the  device  after  the  Interrupt  Control  code 

We  will  for  the  moment  quickly  pass  over  Z80  DMA  register  addressing  logic  since  this 
is  a  subject  covered  in  detail  later  on 

Now  the  interrupt  vector  which  is  returned  to  the  CPU  following  an  interrupt 
acknowledge  may  optionally  have  vector  bits  1  and  2  modified  in  order  to  identify  the 
reason  for  the  interrupt  request  If  bit  5  of  the  Interrupt  Control  code  is  1,  then  bits  1 
and  2  of  the  interrupt  vector  are  modified  as  follows: 


Bit  No. 
Interrupt  Vector 

May  be  1  or  0 

0  0  RDY  control  active  -*sflj- 

0  1  Match  found  -«^_ 

1  0  End  of  block  -**- 
1  1  End  of  block  and      «^. 

Match  found 
Constant  bits  of  vector  -*<f- 


Bit  No. 
Status  register 


Bit  No. 

Interrupt  Control  register 


Note  carefully  that  the  interrupt  vector  will  have  bits  1  and  2  modified  only  if  you  have 
made  this  selection  under  program  control,  and  then  only  conditions  which  you  have 
programmed  to  request  an  interrupt  can  modify  the  interrupt  vector  For  example,  sup- 
pose you  have  not  selected  interrupt  requests  when  a  match  byte  is  detected,  then  you 
cannot  have  the  "rrfatch  byte  detect"  condition  modify  the  interrupt  vector. 
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The  fact  that  we  have  not  yet  examined  the  Status  register  in  detail  should  not  bother 
you,  since  you  will  now  be  quite  familiar  with  Status  registers  in  general  —  individual 
bits  of  the  Status  register  are  set  or  reset  to  identify  conditions  internal  to  the  Z80  DMA 
device;  and  that  is  how  the  Status  register  is  being  used  in  the  illustration  above. 

Let  us  look  at  the  various  interactions  of  the  Status  register,  Interrupt  Vector 
register,  and  Interrupt  Control  register. 

When  the  RDY  control  input  from  external  logic  is  true.  Status  register  bit  1  will  be  set 
If  the  RDY  line  goes  true  while  the  CPU  is  bus  master,  then  the  Z80  DMA  device  will  re- 
quest bus  access  by  outputting  BUSRQ  low.  if  the  Interrupt  Control  register  bit  6  is  1, 
then  as  soon  as  RDY  goes  high  while  the  CPU  is  bus  master,  the  Z80  DMA  device  will 
request  an  interrupt  by  outputting  a  low  signal  via  INT;  at  this  time  it  will  not  issue  a 
BUSRQ.  When  the  interrupt  is  acknowledged,  the  Z80  DMA  device  will  respond  by  out- 
putting  to  the  Data  Bus  the  contents  of  the  Interrupt  Vector  register. 

Now  there  is  an  obvious  problem  to  preceding  a  bus  request  with  an  interrupt  re- 
quest: the  bus  request,  coming  immediately  after  the  interrupt  request,  will  prevent 
the  CPU  from  acknowledging  the  interrupt  request  Z80  DMA  device  logic  solves  this 
problem  by  allowing  you  to  specify  under  program  control  that  Z80  DMA  logic  will  re- 
main disabled  until  the  Z80  DMA  device  detects  an  RETI  instruction  object  code,  or  it 
receives  a  re-enabling  Control  code  from  the  CPU. 

The  "End  of  Block"  and  the  "Match  Found"  conditions  are  much  more  straightforward. 
When  an  End  of  Block  is  reached.  Status  register  bit  5  is  set  When  a  match  is  found 
during  a  "transfer  and  search  for  match  byte"  or  a  "search  for  match  byte"  operation, 
Status  register  bit  4  is  set.  Status  register  bit  settings  occur  whether  or  not  associated 
interrupt  logic  is  active.  "Match  found"  interrupt  logic  is  enabled  by  a  1  in  Interrupt 
Control  register  bit  1  "End  of  Block"  interrupt  requests  are  enabled  by  a  1  in  bit  0  of  the 
Interrupt  Control  register.  When  the  interrupt  is  acknowledged,  the  Z80  DMA  device 
responds  by  outputting  on  the  Data  Bus  the  contents  of  the  Interrupt  Vector  register 
Let  us  now  look  at  Interrupt  Control  code  specifications  covering  pulses  output  to 
external  logic  via  the  INT  line.  These  pulses  are  intended  for  external  logic  associated 
with  the  data  source  or  destination;  they  occur  while  the  Z80  DMA  device  is  bus 
master,  therefore,  the  CPU  cannot  respond  by  acknowledging  an  interrupt. 

You  specify  that  INT  pulses  will  be  created  by  outputting  an 
Interrupt  Control  code  with  1  in  bit  2.  The  INT  line  will  now 
pulse  low  after  a  fixed  number  of  bytes  have  been  pro- 
cessed via  direct  memory  accesses.  This  "pulse  count"  is 
determined  by  the  contents  of  the  Pulse  Count  register. 
The  Pulse  Count  register  is  an  8-bit  register,  which  means  that  anywhere  between  1 
and  256  DMA  accesses  may  separate  low  pulses  on  the  INT  line.  The  INT  low  pulse  is 
one  machine  cycle  long. 

You  write  a  pulse  count  to  the  Pulse  Count  register  by  first  outputting  an  Interrupt  Con- 
trol code  with  1  in  bit  3.  This  specifies  that  the  next  byte  written  to  the  Z80  DMA  device 
is  a  pulse  count,  to  be  stored  in  the  Pulse  Count  register. 

If  an  Interrupt  Control  code  is  output  with  bits  3  and  4  both  1,  then  the  next  two  bytes 
written  to  the  Z80  DMA  device  will  be  interpreted  as  a  pulse  count,  and  then  an  inter- 
rupt vector,  in  that  order.  This  may  be  illustrated  as  follows; 

;OUTPUT  AN  INTERRUPT  CONTROL  CODE  TO  THE 
;Z80  DMA  DEVICE 
;OUTPUT  A  PULSE  COUNT 

;OUTPUT  AN  INTERRUPT  VECTOR 
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Z80  DMA 
PULSE 
COUNT 
REGISTER 


LD 

A,3FH 

OUT 

(DMA),A 

LD 

A.PCNT 

OUT 

(DMA),A 

LD 

AJVEC 

OUT 

(DMA),A 

Z80  DMA  REGISTER  ADDRESSING 

In  the  instruction  sequence  illustrated  above,  the  same  I/O  port  address,  repre- 
sented by  the  symbol  DMA,  is  used  to  access  the  Interrupt  Control  register,  the 
Pulse  Count  register,  and  the  Interrupt  Vector  register.  In  fact,  you  will  use  the 
same  I/O  port  address  to  read  the  contents  of  any  readable  Z80  DMA  register  or 
write  to  any  Z80  DMA  register. 

Let  us  examine  the  way  in  which  Z80  DMA  logic  allows  you  to  access  such  a  large 
number  of  registers  using  a  single  I/O  port  or  memory  address. 

You  can  write  into  any  of  the  registers  illustrated  in  Figure  7-25.  You  use  the  same 
I/O  port  or  memory  address  to  access  all  of  the  registers,  however,  you  use  appropriate 
Control  codes  to  select  the  registers  into  which  you  will  write.  Control  codes  are  de- 
scribed later  in  this  chapter.  Following  an  explanation  of  Control  codes,  Figure  7-26 
summarizes  the  manner  in  which  Control  codes  define  register  accesses. 

You  can  only  read  the  contents  of  seven  Z80  DMA  registers.  There  are:  Port  A 
Address  High  and  Low,  Port  B  Address  High  and  Low,  Byte  Counter  High  and  Low 
and  the  Status  register.  The  single  Z80  DMA  I/O  port  or  memory  address  applies 
to  all  seven  readable  registers.  Read  or  input  instructions  access  the  seven 
registers  sequentially  as  follows: 


There  are  a  number  of  conditions  which  Will  reset  the  read  pointer  to  the  first  readable 
register.  Following  such  a  reset,  the  first  read  or  input  instruction  accessing  the  Z80 
DMA  device  will  access  the  first  readable  register  The  next  read  or  input  instruction  ac- 
cessing the  Z80  DMA  device  will  read  the  contents  of  the  Byte  Counter  Low  register  — 
and  so  the  sequence  will  continue  down  to  the  Port  B  High  register     > 
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If  you  do  not  wish  to  read  the  contents  of  all  seven  reada- 
ble registers,  then  you  can  specify  those  registers  whose 
contents  you  wish  to  read  by  writing  an  appropriate  Con- 
trol code  to  the  Read  register.  Read  register  bits  are 
assigned  to  the  seven  readable  locations  as  follows: 


Z80  DMA 

READ 

REGISTER 


7    6    5    4    3    2 


1    0  - 


-  Bit  No, 

-  Read  Register 

-Status 

-  Byte  Count  Lower 
-Byte  Count  Upper 

-  Port  A  Address  Lower 
"Port  A  Address  Upper 
""Port  B  Address  Lower 
-Port  B  Address  Upper 


A  1  in  any  bit  position  allows  the  associated  register  contents  to  be  read;  a  0  in  any  bit 
position  will  cause  the  associated  register  to  be  skipped  during  a  read  sequence. 
Suppose,  for  example,  the  Read  register  contents  are: 

000 11001 

Sequential  reads  would  access  Z80  DMA  registers  in  the  following  order: 

Status 
Port  A  low 
Port  A  high 

Z80  DMA  TIMING 

Let  us  now  look  at  timing  associated  with  DMA  operations.  When  the  CPU  ac- 
cesses the  Z80  DMA  device,  timing  conforms  to  standard  CPU  requirements  and 
needs  little  further  discussion. 

Exact  Z80  DMA  timing  requirements  are  given  in  the  data  sheets  at  the  end  of  this 
chapter, 

When  a  byte  of  data  is  actually  transferred  via  Direct  Memory  Access,  the  Z80 
DMA  device  executes  a  Read  or  input  machine  cycle,  followed  by  a  Write  or  out- 
put machine  cycle.  Timing  ..for  these  machine  cycles  is  given  in  Figures  7-6  7-7  7-9 
and  7-10. 

But  the  Z80  DMA  device  does  not  limit  itself  to  operating  within  a  Z80  system  strictly  in 
accordance  with  Z80  CPU  timing.  Under  program  control  you  can  select  anywhere  from 
one  to  four  clock  periods  as  the  machine  cycle  width  for  Z80  DMA  Read,  Write  input  or 
output  machine  cycles.  You  also  have  the  option  of  terminating  the  control  signal  half  a 
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clock  period  earlier  than  specified  by  the  Z80  CPU  These  options  may  be  illustrated  as 
follows; 

a)     Four  clock  period  machine  cycles. 


MREQ,  RD,  WR 


MREQ,  RD,  WR 


b)     Three  clock  period  machine  cycles. 


c)     Two  clock  period  machine  cycles. 


MREQ,  RD,  WR 

d)     One  clock  period  machine  cycle. 


* 


=«= 


MREQ,  RD,  WR 


\f 
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The  two  clock  period  machine  cycle  can  be  used  with  any  of  the  control  signals-  The 
two  clock  period  machine  cycle  is  generally  used  in  Transparent  mode  Transparent 
mode  performs  DMA  operations  during  the  second  half  of  an  Instruction  Fetch  machine 
cycle,  which  is  otherwise  set  aside  for  dynamic  memory  refresh  logic.  The  second  half 
of  an.lnstruction  Fetch  machine  cycle  is  two  clock  periods  long,  therefore  the  two  clock 
period  machine  cycle  option  should  be  used  when  the  Z80  DMA  device  is  operating  in 
Transparent  mode 

The  main  concern  here  is  to  ensure  that  the  two  cycles  of  refresh  are  utilized  fully;  i.e.. 
with  a  1  cycle  read  and  a  1  cycle  write  a  full  byte  could  be  transferred  in  1  refresh  or  2 
bytes  read.  With  a  2  cycle  read/write  the  write  will  take  place  on  a  subsequent  refresh 
However,  a  3  cycle  or  4  cycle  operation  may  not  be  used  nor  may  a  1  cycle  operation  be 
used  in  combination  with  a  two  cycle  operation. 

If  Z80  DMA  machine  cycles  are  three  clock  periods  long,  or  four  clock,  periods  long, 
then  you  can  insert  Wait  states  after  clock  period  2  when  accessing  memory,  or  3  when 
accessing  an  I/O  device.  Z8Q  DMA  and  CPU  Wait  state  logic  and  timing  are  identical. 
WAIT  for  a  memory  access  machine  cycle  is  sampled  on  the  falling  edge  of  T2;  thus 
WAIT  may  be  used  for  memory  accesses  of  2,  3,  or  4  cycles.  For  an  I/O  access  machine 
cycle,  WAIT  is  sampled  on  the  negative  edge  of  T3;  thus,  it  may  be  used  only  with  I/O 
accesses  of  3  or  4  cycles.  In  any  case,  WAIT  is  sampled  only  if  so  programmed.  The  Z80 
DMA  device  uses  its  Chip  Enable  pin  to  receive  a  "Wait"  request  while  DMA  logic  is  ac- 
tive, if  programmed.  At  that  time  chip  enable  logic  is  inactive  and  therefore  meaning- 
less. 

The  timing  options  you  select  are  determined  by  a  Control 
code  written  into  the  Timing  Control  register  whose  con- 
tents are  interpreted  as  follows: 


Z80  DMA 
TIMING 
CONTROL 
REGISTER 


Bit  No. 

Timing  Control  Register 


4  clock  periods  per  machine  cycle 
3  clock  periods  per  machine  cycle 
2  clock  periods  per  machine  cycle 
1  clock  period  per  machine  cycle 


Now  in  addition  to  the  control  signal  timing  variations  described  above,  you  can  also 
use  the  WAIT  input  to  insert  Wait  clock  periods  between  T2  and  T3.  Thus,  you  can  ex- 
pand the  duration  of  a  machine  cycle,  and  therefore  the  control  signal  active  pulse, 
beyond  four  clock  periods.  For  Wait  state  timing,  see  Figure  7-8  and  associated  text 
If  you  output  a  timing  Control  code  to  the  Timing  Control  register,  you  will  modify 
the  Read  or  input  and  the  Write  or  output  machine  cycles  executed  by  the  Z80 
DMA  device  during  any  DMA  operation.  There  are,  however,  specific  Control 
codes  which  allow  you  to  restore  timing  associated  with  one  of  the  two  I/O  ports 
to  standard  timing.  These  are  type  2D  Control  codes,  described  later  in  this 
Chapter.  Using  these  Control  codes  in  conjunction  with  the  Timing  Control 
register  illustrated  above,  you  have  the  options  of  operating  the  input  or  output 
port  of  the  280  DMA  device  with  non-standard  timing  while  the  other  port  oper- 
ates with  standard  timing. 
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Z80  DMA  STATUS  REGISTER 

The  Z80  DMA  device  has  a  Status  register  whose  contents  are  interpreted  as 
follows: 

76543     2     1     0^* Bit  No 

I      I       |       |      I      I      |       |      |"** Status  register 


a   ,1   l>   il    a 


II  ,1 


-i: 


-  A  DMA  operation  has  occurred  since  last  Restart 

-  No  DMA  operation  has  occurred 
RDY  is  true 

There  is  an  interrupt  request  pending 
A  Match  has  occurred 
An  end  of  block  has  occurred 
Not  used. 

condition.  A  T  represents  a 


true 


A  0  in  any  Status1  register  bit  position  represents  a 
"false"  condition. 

You  cannot  write  into  the  Status  register;  this  is  a  read  only  location  and,  as  we  dis- 
cussed earlier,  it  is  the  register  selected  by  read  logic  whenever  the  Z80  CPU  device  is 
reset. 

Only  bits  4  and  5  of  the  Status  register  are  reset  to  0  following  execution  of  a  Reset 
Status  command  (type  2D), 

in  our  previous  discussion  of  the  Interrupt  Vector  register  and  the  interrupt  Control 
register,  we  saw  how  bits  1,  4,  and  5  interact  with  interrupt  logic. 

Z80  DMA  CONTROL  COMMANDS  

The  main  programmable  options  of  the  Z80  DMA  device 

are  selected  by  writing  a  sequence  of  Control  Commands 

into  the  Master  Control  register.  Whenever  you  write  data  to 

a  ZSO  DMA  device,  the  data  will  be  interpreted  as  a  Control 

Command,    to   be   loaded    into  the   Master   Control   register, 

unless  a  prior  Control  Command  has  specified  alternative  data  to  follow.  In  this  case, 

the  next  data  byte,  or  bytes  written  to  the  Z80  DMA  device  will  be  stored  in  the 

selected  register  location,  or  locations,  following  which  data  will  again  be  written  into 

the  Master  Control  register 

Now  the  Command  codes  written  to  the  Master  Control  register  have  to  specify  a 
bewildering  profusion  of  operating  and  addressing  options.  This  is  accomplished  by 
setting  aside  some  Control  Command  bits  to  identify  how  others  will  be  interpreted. 
Thus  six  different  Control  Command  interpretations  are  possible.  This  may  be  il- 
lustrated as  follows: 


Z80  DMA 
MASTER 
CONTROL 
REGISTER 


7    6    5    4    3    2    10 


|XlN|NlN|N|NlY|z|^a Control  Command 


control 

command 

specification 


XYZ  specifies  command  bytes  as  follows: 
XYZ 

000  -  Command  1B 

001  -  Command  1A 
010 -Command  1A 
011  -  Command  1A 

100  -  Command  2A 

101  -  Command  2B 
110-  Command  2C 
1 1 1  -  Command  2D 
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Let  us  first  look  at  Command  1  A.  ft  may  be  illustrated  as 
follows: 


Z80  DMA 
COMMAND  1A 


7    6    5    4    3     2     10 


|o|x|x|x|x|    I   n 


Ji       it       il        i\        if      jl 


-  Bit  No. 
"Command  1A 


00  Command  1B 

01  Transfer  a  block  of  data  (Type  1) 
(    10  Search  for  match  byte  (Type  3). 

^    1 1  Transfer  and  took  for  match  (Type  2} 
f  0  -  Port  B  is  the  Source 
[    1  -  Port  A  is  the  Source 
-  Port  A  Address  Register  lower  select 
"  Port  A  Address  Register  upper  select 
"  Block  Length  Register  lower  select 
■  Block  Length  Register  upper  select 
*  Command  1A  specified 


Command  1A  is  one  of  the  overall  operation  definition  commands. 

Bits  0-and  1  identify  which  of  the  three  types  of  DMA  operation  is  to  occur  The  three 
types  of  DMA  operation  have  been  described  earlier  in  the  chapter.. 

Bit  2  determines  whether  Port  A  is  the  input  port  and  Port  B  the  output  port  or  vice  ver- 
sa. 

Bits  3  through  6  specify  data  bytes  that  may  follow.  If  X  is  1  in  any  bit  position,  then  the 
subsequent  data  byte  or  bytes  will  be  interpreted  as  data  going  to  the  selected  location. 
Since  there  are  four  register  select  bits,  you  can  have  up  to  four  data  bytes  following  a 
type  1  A  Command  code.  When  more  than  one  data  byte  is  specified,  the  sequence  is: 

Port  A  lower 

Port  A  upper 

Block  Length  lower 

Block  Length  upper 


Here  is  an  example  of  data  following  Command  code  1A: 


LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 

LD 

OUT 


A,7DH 

(DMA).A 

A,ADLO 

(DMA).A 

A,ADHI 

(DMA).A 

A,BLKLO 

(DMA).A 

A,BLKHI 

(DMA).A 


;OUTPUT  CONTROL  CODE  1A  TO  Z80  DMA. 

;FOUR  DATA. VALUES  FOLLOW 

;OUTPUT  PORT  A  ADDRESS,  LOW  ORDER  BYTE 

;OUTPUT  PORT  A  ADDRESS,  HIGH^ ORDER  BYTE 

;OUTPUT  BLOCK  LENGTH,  LOWORDER  BYTE 

.OUTPUT  BLOCK  LENGTH,  HIGH  ORDER  BYTE 
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Command  1B  is  the  next  command  providing  basic  set  up 
information  for  the  Z80  DMA  device.  It  is  interpreted  as 
follows: 


Z80  DMA 
COMMAND  1B 


7    6    5    4 


3    2    1     0 


33 


Bit  No 
■  Command  IB 


Select  command  1B 

1  -  This  command  programs  Port  A 

0  -  This  command  programs  Port  B 

0  -  This  port  addresses  memory 

1  -  This  port  addresses  an  I/O  port 

00  -  Decrement  address  following  each  DMA  access 

01  -  Increment  address  following  each  DMA  access 
1X  -  Address  remains  fixed 

Timing  register  select 


Command  1B  will  be  output  twice:  for  Port  A  (with  bit  2  =  1}  and  for  Port  B  {with  bit 
2  =  0)  Via  bits  3,4  and  5  you  indicate  whether  an  I/O  port  or  block  of  memory  is  being 
addressed  by  the  selected  port  If  a  block  memory  is  being  addressed,  you  further 
specify  whether  the  address  is  to  be  incremented,  decremented  or  left  alone  following 
each  DMA  access. 

If  you  are  using  non-standard  DMA  timing,  then  at  least  one  of  the  two  type  1B  com- 
mands will  have  a  1  in  bit  6,  specifying  that  the  Timing  Control  code  will  be  the  next 
data  output  to  the  Z80  DMA  device  The  Timing  Control  code  has  already  been  de- 
scribed 

Command  2A  is  interpreted  as  follows: 


Z80  DMA 
COMMAND  2A 


7    6 

nr 


5    4    3    2     10- 


n  jl   i\  ,,  j>    h 


rxrx 


m- 


•  Bit  No, 

■  Command  2 A 


— •  Select  Command  2A 

\  1  -  Stop  on  match 
(  0  -  Continue  on  match 


This  applies  to  DMA 
operations  that  seek 
a  match  byte 


■  Select  match  byte 
Select  mask  byte 

0  No  effect  on  interrupts 

1  -  Enable  interrupts 

0  -  Disable  chip 

1  -  Enable  chip 


Command  2A  or  one  of  the  variations  of  Command  2D  must  be  the  last  command  out- 
put to  the  Z80  DMA  device  before  it  starts  executing  the  required  DMA  operations 
Command  2A  enables  the  Z80  DMA  chip  via  a  1  "in  bit  6.  Until  the  Z80  DMA  device  has 
been  enabled  its  DMA  logic  is  inactive,  and  you  are  limited  to  executing  memory  or  I/O 
access  instructions  that  read  from  Z80  DMA  registers,  or  write  to  Z80  DMA  registers 

Bits  2,  3  and  4  of  Command  2A  apply  to  match  logic. 

Bits  3  and  4  are  used  to  output  data  to  the  Match  register,  and/or  to  the  Mask  register 
A  1  in  bit  3  specifies  that  the  next  byte  output  will  be  written  to  the  Mask  register  A  1 
in  bit  4  specifies  that  the  next  byte  written  must  be  stored  in  the  Match  register.  If  there 
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are  1  's  in  both  bit  positions  3  and  4,  the  next  two  bytes  written  out  will  be  loaded  into 
the  Mask  register  and  then  the  Match  register 

During  a  "Transfer-and-search"  or  a  "Search~for-match-byte"  operation,  bit  2  of  Com- 
mand 2A  determines  whether  the  DMA  operation  will  stop  when  the  match  occurs,  or 
whether  the  DMA  operation  will  continue,  simply  identifying  the  match,' using 
whatever  identification  technique  you  have  selected. 

Command  2B  is  interpreted  as  follows: 


765432     1     0"* 

I   '    I    Ixlxlxlohl 


il  II  It 


Z80  DMA 
COMMAND  2B 


-  Bit  No. 

-  Command  2B 

*  Select  Command  2B 


—  Select  Port  B  Address  lower 

—  Select  Port  B  Address  upper 
—~  Select  Interrupt  Control  register 

(    00  -  Select  single  byte  mode 
}   01  -  Select  continuous  mode 
1    10  -  Select  burst  mode 
I    1 1  -  Select  transparent  mode 


Command  2B  is  used  to  specify  the  mode  in  which  the  Z80  DMA  device  will  operate. 
Bits  5  and  6  select  one  of  the  four  modes  which  we  have  already  described. 
Command  code  2B,  bits  2,  3  and  4  are  used  to  load  data  into  Port  B  Address  Lower,  Port 
B  Address  Upper  and  the  interrupt  Control  register.  As  with  the  previous  Control  codes, 
Control  2B  may  be  followed  by  0,  1,  2  or  3  data  bytes,  depending  upon  the  contents  of 
bits  2,  3  and  4,  If  more  than  one  data  byte  follows,  then  the  sequence  is; 

Port.  A  Address  Lower 

Port  B  Address  Upper 

Interrupt  Control 

Command  2C  specifies  three  operating  options  of  the  Z80       Z80  DMA 
DMA  device;  it  is  interpreted  as  follows:  COMMAND  2C 


7    6    5    4 

0 


3     2    10 


il    h 


EXE} 


+-♦ 


-  Bit  No. 

"  Command  2C 

'  Select  Command  2C 

1  Not  used 

f  0  -  RDY  is  active  low 

I   1  -  RDY  is  active  high 

I  0  -  C£pin  not  multiplexed 

[  1  -  CE  and  WAIT  multiplexed 

i  0  -  Stop  at  end  of  block 

!  1  -  Restart  at  end  of  block 
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Via  bit  3  you  specify  whether  the  RDY  control  input  from  external  logic  will  be  active 
high: 


Or  whether  RDY  will  be  active  low: 


RDY 


If  bit  4  is  1 ,  then  while  DMA  operations  are  in  progress,  pin  1 6  is  used  to  receive  a  WAIT 
input.  This  allows  external  logic  to  extend  the  Read  and  Write  machine  cycles  created 
by  the  Z80  DMA  device,  as  described  for  the  Z80  CPU  earlier  in  this  Chapter 

Bit  5  determines  whether  or  not  the  DMA  operation  will  be  continuous.  If  bit  5  is  1 ,  then 
as  soon  as  the  Block  Length  register  matches  the  Byte  Counter,  initial  values  for  the 
DMA  operation  are  restored  and  the  DMA  operation  begins  again, 

If  bit  5  is  0,  however,  the  DMA  operation  ceases  when  the  Byte  Counter  register  goes  to 
zero  Observe  that  there  is  an  interaction  between  the  automatic  restart  provided  by 
Command  2C  above  and  the  Stop  On  Compare  condition  specified  by  Command  2A. 
The  Stop  On  Compare  condition  applies  to  a  match  while  the  automatic  restart  applies 
to  an  end' of  block.  This  may  be  illustrated  as  follows: 

End  of  block 
You  can  stop  or  restart 


Match  found 
You  can  stop  or  continue 

In  the  illustration  above,  notice  that  following  an  "end  of  block"  we  say  that  you  can 
stop  or  "restart",  whereas  when  a  "match"  is  found  we  say  that  you  can  stop  or  "con- 
tinue". What  is  the  significance  of  "continue"  versus  "restart"?  The  answer  is  that 
following  an  "end  of  block",  when  you  "restart",  you  will  reload  the  temporary  Address 
and  Block  Counter  registers  from  their  permanent  equivalents.  When  you  "continue", 
you  simply  carry  on  the  DMA  operation  with  the  prior  temporary  Address  and  Byte 
Counter  register  contents. 

The  "restart"  and  "continue"  options  illustrated  above  are  automatic,  which  means 
that  there  is  no  discernible  pause  between  a  block  or  match  found  terminating  one 
DMA  sequence  and  the  next  DMA  sequence  starting.  If  you  select  the  "stop"  option, 
however,  you  can  issue  specific  Restart  or  Continue  commands  which  reload  temporary 
Address  and/or  Byte  Counter  registers  from  their  permanent  equivalents  before  restart- 
ing the  DMA  operation,  These  are  type  2D  commands  described  below 
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Command  2D  is  used  to  control  events  occurring  at  the 
Z80  DMA  device  while  it  is  enabled,  or  while  DMA  logic  is 
being  executed.  Command  2D  allows  you  to  specify  a  number 
of  single  controls  as  follows' 


7   6    5    4 


Z80  DMA 
COMMAND  2D 


Bit  No 

•Command  2D 

•  Select  Command  2D 

00000 

-  Disable  chip 

00001 

-  Enable  chip 

00010 

-  Reset  status 

01000 

-  Reset  interrupt 

01001 

-  Reset  read 

01010 

-  Enable  interrupt 

01011 

-  Disable  interrupt 

01100 

-  Force  ready 

01101 

Enable  after  RET! 

01110- 

Read  Byte  follows 

01111  - 

Read  Status 

10000- 

Reset 

10001  - 

Reset  Port  A  timing 

10010- 

Reset  Port  B  timing 

10011  - 

Restart 

10100- 

Continue 

The  Disable  Chip  command  disables  the  Z80  DMA  device's  DMA  logic,  but  it  does  not 
reset  any  register  or  logic  condition.  Following  a  disable  chip  instruction,  an  enable  chip 
instruction  must  be  issued  in  order  to  continue  operations,. 

The  Enable  Chip  command  duplicates  a  1  in  bit  6  of  Command  code  2A.  This  instruc- 
tion allows  the  280  DMA  device  to  execute  DMA  operations  as  specified  by  current 
selected  options. 

The  Reset  Status  command  resets  bits  4  and  5  of  the  Status  register  to  0 
The  Reset  Interrupt  command  has  the  same  effect  on  280  DMA  logic  as  an  RETI  in- 
struction being  executed.  For  example,  if  interrupts  precede  each  bus  request,  then 
following  the  interrupt  request  the  bus  request  can  occur  either  after  an  RETI  instruc- 
tion has  been  executed,  or  after  a  Reset  Interrupt  command  has  been  output  as  a  Con- 
trol code. 

The  Reset  Read  command  will  cause  the  next  CPU  Read  of  the  Z80  DMA  to  access  the 
first  readable  register,  as  defined  by  the  Read  Byte  register.  That  is,  the  Reset  Read 
command  resets  the  read  pointer,  illustrated  earlier. 

The  Enable  Interrupt  and  Disable  Interrupt  commands  are  equivalent  to  Command 
2A  bit  5.  These  commands  either  enable  or  disable  all  interrupt  logic  at  the  Z80  DMA 

device. 

The  Force  Ready  command  is  equivalent  to  the  RDY  signal  being  input  true  by  exter- 
nal logic.  It  causes  all  events  to  occur  just  as  they  would  had  external  logic  input  RDY 
true. 

The  Enable  After  RETI  command  forces  the  Z80  DMA  device  to  postpone  all  subse- 
quent bus  requests  until  an  RETI  instruction  has  been  executed.  Typically  you  will  out- 
put  an  "Enable  After  RETI"  command  upon  entering  a  service  routine  which  must  not 
be  slowed  down  by  DMA  operations.  Observe  that  a  "Reset  interrupt"  command  being 
output  will  also  allow  bus  requests  to  occur  again 
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The  Read  Byte  Follows  command  specifies  that  the  next  data  byte  written  to  the  Z80 
DMA  device  must  be  loaded  into  the  Read  register. 

The  Read  Status  command  forces  read  logic  to  select  the  Status  register  The  "Read 
Status"  command  does  not  cause  the  Z80  DMA  device  to  output  the  Status  register 
contents  —  but  the  next  time  the  CPU  reads  data  from  the  Z80  DMA  device  it  will  get 
the  Status  register  contents.  Then  the  read  pointer  returns  to  its  location  before  the 
Read  Status  command  —  rather  than  the  next  readable  register  after  the  Status 
register 

The  Reset  command  resets  the  entire  Z80  DMA  device.  The  chip  and  its  interrupt  logic 
are  all  disabled. 

The  Reset  Port  A  timing  and  Reset  Port  B  timing  commands  return  timing  to  stan- 
dard CPU  specifications  for  the  selected  Z80  DMA  I/O  port.  In  other  words,  this  negates 
specifications  made  by  data  output  to  the  Timing  Control  register,  but  for  one  port  only. 

The  Restart  command  reloads  the  Port  A  Address,  Port  B  Address  and  Block  Length 
registers  with  the  values  most  recently  output  to  these  registers.  The  most  recently 
specified  DMA  operation  then  is  re-executed. 

The  Continue  command  reloads  the  Block  Length  registers  with  the  most  recently  out- 
put values,  then  restarts  the  most  recently  specified  DMA  operation,  leaving  the  Port  A 
and  Port  B  Address  registers  with  their  current  values.  In  other  words,  you  restart  using 
addresses  at  the  end  of  the  previous  DMA  operation 

Figure  7-26  summarizes  the  way  in  which  Command  code 
are  used  to  write  data  into  Z80  DMA  registers. 


Z80  DMA 
REGISTER 
SELECT 
SUMMARY 
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Command  1A 


7    6    5    4 

|o|x|x|x|x 


3    2 


j  l    t[-i\ 


1    0  - 

U 


•  Port  A  Address  lower  register 

•  Port  A  Address  upper  register 

*  Byte  Counter  lower  register 

*  Byte  Counter  upper  register 


765432     10  —fr- 


Command  IB    |p|X|      |      |      |      Jo[o| 
I 


■  Timing  register 


7    6    5    4    3    2     10 


Command  2A  |l|      |      |X|X|      |0|0| 


I 


-  Mask  register 

-  Match  register 


7    6    5     4    3    2     10  -*- 


Command  2B  |l|      |      |X|X|X|0|  l| 


7    6    5    4    3    2     10- 

I  I  I  1*1*1  I  I  I- 


-  Port  B  Address  lower  register 
"  Port  B  Address  upper  register 
■  Interrupt  control  register     ■ 


-Interrupt  Vector  register 
-  Pulse  Count  register 


7     6     5     4     3     2     1      Q   ^ Bit  No- 
Command  2C  |l  j  0|  I  1  1  |T  |Q|  )  |  1   | 


-"Read  Byte  Follows"  command 


Unless  otherwise  specified,  the  Master  Control  register  is  selected  by  a  write  operation  addressing  the  Z80  DMA  device. 

Figure  7-26.  A  Summary  Of  Z80  DMA  Writable  Register  Locations 
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ELECTRICAL  SPECIFICATIONS 


ABSOLUTE  MAXIMUM  RATINGS 


Temperature  Under  Bias 
Storage  Temperature 
Voltage  On  Any  Pin 

with  Respect  to  Ground 
Power  Dissipation 


0  C  to  70°C 
-65°C  to+IS0°C 
-0.3V  to  +7V 


*Comment 

Stresses  above  those  listed  under  "Absolute 
Maximum  Rating"  may  cause  permanent 
damage  to  the  device.  This  is  a  stress  rating 
only  and  functional  operation  of  the  device 
at  these  or  any  other  condition  above  those 
indicated  in  the  operational  sections  of  this 
specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for 
extended  periods  may  affect  device  reliability. 


•    D.  C.  CHARACTERISTICS 

T^  =  0°C  to  70°C,  Vcc  =  5V  ±  5%  unless  otherwise  specified 


Symbol 

Parameter 

Min 

Typ 

Max. 

Unit 

Test  Condition 

VILC 

Clock  Input  Low  Voltage 

-0.3 

0.45 

V 

V1HC 

Clock  Input  High  Voltage 

v   HI 

cc 

Vcc 

V 

VlL 

Input  Low  Voltage 

-0  3 

08 

V 

VIH 

Input  High  Voltage 

2.0 

Vcc 

V 

VOL 

Output  Low  Voltage 

0.4 

V 

I0L-1.8mA 

VOH 

Output  High  Voltage 

2,4 

V 

IoH=-l00/iA 

!cc 

Power  Supply  Current 

200 

mA 

tc=400nsec 

'li 

Input  Leakage  Current 

10 

»A 

V,N=0toVcc 

■loh 

Tri-State  Output  Leakage  Current  in  Float 

10 

M 

VOUT-2.4toVcc 

!LOL 

Tri-State  Output  Leakage  Current  in  Float 

-10 

M 

VOUT=04V 

'ld 

Data  Bus  Leakage  Current  in  Input  Mode 

±10 

M 

0<V1N<Voc 

•   CAPACITANCE 


TA  =25  C,f=  1  MHz 


Symbol 

Parameter 

Typ. 

Max. 

Unit 

Test  Condition 

c* 

Clock  Capacitance 

20 

pF 

Unmeasured  Pins 
Returned  to  Ground 

C1N 

Input  Capacitance 

5 

pF 

COUT 

Output  Capacitance 

10 

pF 

[1]  Clock  Driver 


> 


Vcc 
<D   zso 


An  external  clock  pull-up  resistor  of  (330ft)  will  meet  both  the  AC  and  D.C.  clock  requirements 
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A.C.  Characteristics 


Z80-CPU 


TA  =  0°C  to  70°C,  Vcc  =-+5V  ±  5%,  Unless  Otherwise  Noted. 


Signal 

Symbol 

Parameter 

•  Min 

Max 

Unit 

Test  Condition 

* 

iw(t>H) 

Clock  Period 

Clock  Pulse  Widlh,  Clock  High 
Clock  Pulse  Width.  Clock  Urn 
Cluck  Rise  und  Fall  Time 

A 

1121 

Usee 

180 

DO 

nscc 

ISO 

2000 

nscc 

30 

nsec 

V.fS 

'D(AD) 
'F(AD) 

!caf 

Address  Output  Delay 

Delay  to  Float 

Address  Stable  Prior  to  MREQ  (Memory  Cycle) 

Address  Stable  Prior  to  ioTwJ,  RD  or  WR  (I/O  Cycle) 

Address  Stable  from  R"D*  or  WR 

Address  Stable  Frum  RD  or  WR  During  Float 

160 

nsec 

CL=t00pF 

no 

nsec 

III 

nsec 

HI 

nsec 

or 

nsec 

(41 

nsec 

D0-7 

'D(D) 

'F(D) 

<S*(D) 

'S*  (D) 

<dcm 

■del 

'cdf 

Data  Output  Delay 

Delay  to  Float  During  Write  Cycle 

Data  Setup  Time  to  Rising  Edge  of  Clock  During  M 1  Cycle 

Data  Setup  Time  to  Falling  Edge  of  Clock  During  M2  lo  M5 

Data  Stable  Prior  to  WR  (Memory  Cycle) 

Data  Stable  Prior  to  WR  (I/O  Cycle) 

Data  Stable  From  WR 

260 

nsec 

CL  =  200pF 

w 

nsec 

""""50 

nsec 

60 

nsec 

IS! 

nsec 

[61 

nsec 

It1! 

<H 

Any  Hold  Time  for  Setup  Time 

0 

nsec 

MRlQ 

<DL*(MR) 

lDH*(MR) 

lDH*(MR) 

<w(MRL) 

fw(MRH) 

MREQ  Delay  From  Falling  Edge  or  Clock,  MREQ  Low 
MREQ  Delay  From  Rising  Edge  of  Clock,  MREQ  High 
MREQ  Delay  From  Falling  Edge  of  Clock.  MREQ  High 
Pulse  Width.  MREQ  Low 
Pulse  Width.  MREQ  High 

too 

nscc 

CL  =  SOpF 

100 

nsec 

100 

nsec 

iSJ "' 

nsec 

191 

nsec 

IORQ 

lDL*  (IR) 
*DL*(IR) 
lDH+(IR) 
*DH*  (IR) 

IORQ  Delay  From  Rising  Edge  of  Clock,  IORQ  Low 
IORQ  Delay  From  Falling  Edge  of  Clock.  IORQ  Low 
IORQ  Delay  From  Rising  Edge  of  Clock.  IORQ  High 
IORQ  Delay  From  Falling  Edge  of  Clock.  IORQ  High 

90 

nsec 

CL=50pF 

116 

nsec 

loTT" 

nsec 

110 

nsec 

RD 

(DL*  (RD) 
'DL*(RD) 
tDH*(RD) 
lDH*(RD) 

RD  Delay  From  Rising  Edge  of  Clock.  RD  Low 
RD  Delay  From  Falling  Edge  of  Clock.  RD  Low 
RD  Delay  From  Rising  Edge  of  Clock,  RD  High 
RD  Delay  From  Falling  Edge  of  Clock,  RD  High 

100 

nsec 

CL  =  SOpF 

130 

"rao~ 

nsec 

rro 

nsec 

WR 

lDL*(WR) 
'DL$"{WR) 
lDH*(WR) 
(w(WRL) 

WR  Delay  From  Riling  Edge  of  Clock,  WR  Low 
WR  Delay  From  Falling  Edge  of  Clock,  WR  Low 
WR  Delay  From  Falling  Edge  of  Clock,  WR  High 
Pulse  Width,  WR  law 

.80 

nsec 

CL  »  SOpF 

90 

nsec 

too 

nsec 

no) 

nsec 

M 

«DL(M!) 
<DH(M1) 

MI  Delay  From  Rising  Edge  of  Clock,  Ml  Low 
Ml  Delay  From  Rising  Edge  of  Clock.  Ml  High 

130 

nsec 

Cj  =  30pF 

136 

nsec 

RFSFf 

'DL(RF) 
'DH(RF) 

RFSH  Delay  From  Rising  Edge  of  Clock.  RFSH  Low 
RFSH  Delay  From  Rising  Edge  of  Clock,  RFSH  High 

ISO 

nsec 

CL  =  30pF 

i"55 

nsec 

WATT 

««(WT) 

WAIT  Setup  Time  to  Falling  Edge  of  Clock 

70 

nsec 

HALT 

«D(HT) 

HALT  Delay  Time  From  Falling  Edge  of  Clock 

300 

nsec 

CL  =  50pF 

INT 

'•(IT) 

INT  Setup  Time  to  Rising  Edge  of  Clock 

80 

nscc 

NMI 

lw(NML) 

Pulse  Widlh.  NMI  Low 

80 

nsec 

BUSRQ 

*»(BQ) 

BUSRQ  Setup  Time  to  Rising  Edge  of  Clock 

80 

nsec 

'DL(BA) 
'DH  (BA) 

BUSAK  Delay  From  Rising  Edge  of  Clock,  BUSAK  Low 
BU3AK  Delay  From  Falling  Edge  of  Clock.  BUSAK  High 

120 

nsec 

CL-S0pF 

BUSAk 

HO 

nsec 

R£5Ff 

'*(RS) 

RESET  Setup  Time  to  Rising  Edge  of  Clock 

90 

n*c 

»F{C) 

Delay  to  Float  (MREQ,  IORQ,  RD  and  WR) 

100 

n«c 

,<mr 

Sfi  Stable  Prior  to  IORQ  (Interrupt  Ack.) 

mi 

nsec 

13) 

'ca  *  'w(*L) +  < 

[4| 

1eaf=,w(*L.)  +  , 

(5| 

'dem^'c-  l8° 

16! 

'dci  "  lw(<t>L)  +  « 

m 

'cdf=lwf<t>L!  + 

w(MRL)=tc-40 
w(MRH)=  'wf*H)  + 


NOTES: 

1.  Data  should  be  enabled  onto  the  CPU  dm  bus  when  RD  is  active  During  interrupt  acknowledge  data 
should  be  enabled  when  W  and  ToTtQ*  are  both  active 

2.  All  control  signals  ire  internally  synchronized,  so  they  may  be  totally  asynchronous'wilh  respect 
to  the  dock. 

3.  The  RESET ajgnal  must  be  active  for  a  minimum  of  3  clock  cycles. 

4.  Output  Delay  n.  Loaded  Capacitance 

TA  -  70"C        Vcc  -  +5V  ±5% 

(1)  ACL  -  +I00pF  (Af  -  AJ5  and  Control  Signals),  add  30  ru  lo  liming  shown 

(2)  ACL  - -SOpF  (A^-A|  5  and  Control  Signals),  subtract  1 5  ns  from  timing  shown 
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TIMING  WAVEFORMS 


e  made  at  the  following  voltages,  unless  otherwise  tpecifi*d: 
"1"  "0" 

CLOCK  4  2V  8  V 

OUTPUT        2  0  V         8  V 
INPUT  2  0V  8  V 

FLOAT  V      =     i  0  5  V 


rLAj^J^jOj^ 
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ELECTRICAL  SPECIFICATIONS 
ABSOLUTE  MAXIMUM  RATINGS 


Temperature  Under  Bias 
Storage  Temperature 
Voltage  On  Any  Pin  With 

Respect  To  Ground 
Power  Dissipation 


Specified  operating  range. 
-65°  C  to +150°  C 


-0.3  V  to  +7  V 
.6W 


Note:      All  AC  and  DC  characteristics  remain  the  same  for 
the  miiitary  grade  parts  except  I    . 

Icc=  130  mA.  MAX 
♦Comment 

Stresses  above  those  listed  under  "Absolute  Maximum 
Rating"  may  cause  permanent  damage  to  the  device 
This  is  a  stress  rating  only  and  functional  operation  of 
the  device  at  these  or  any  other  condition  above  those 
indicated  in  the  operational  sections  of  this  specifica- 
tion is  not  implied.  Exposure  to  absolute  maximum 
rating  conditions  for  extended  periods  may  affect 
device  reliability. 


DC.  CHARACTERISTICS 

TA  =  0°  C  to  70°  C,  Vcc  =  5  V  ±  5%  unless  otherwise  specified 


Symbol 

Parameter 

Min 

Max 

Unit 

Test  Condition 

VILC 

Clock  Input  Low  Voltage 

-03 

0.45 

V 

I0L=  1.8  mA 
I0h  -250  M 
T(-  =  400  n  sec 
V[N  =  0  to  Vcc 

VOUT  =  2A  to  Vcc 
VOUT  =  0.4V 

0<ViN<Vcc 

VIHC 

Clock  Input  High  Voltage 

Vcc-.2 

Vcc 

V 

V1L 

Input  Low  Voltage 

-0.3 

0.8 

V 

_ 

VIH 

Input  High  Voltage 

2.0 

Vcc 

VOL 

Output  Low  Voltage 

0:4 

V 

VOH 

Output  High  Voltage 

2.4 

V 

*CC 

Power  Supply  Current 

70 

mA 

lu 

Input  Leakage  Current 

10 

M 

*LOH 

Tri-State  Output  Leakage  Current  in  Float 

10 

UA 

!LOL 

Tri-State  Output  Leakage  Current  in  Float 

-10 

HA 

*LD 

Data  Bus  Leakage  Current  in  Input  Mode 

±10 

M 

*OHD 

Darlington  Drive  Current 

L5 

mA 

V0H=1.5V 
REXT  =  390  n 
Port  B  Only 

CLOCK  DRIVER 


*  TTL 


An  external  pull-up  resistor  of  330  H  will  meet  all  A.C.  and  D.C.  clock  requirements. 
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A.C.  CHARACTERISTICS 

TA  =  0°  C  to  70°  C,  Vcc  =  +5  V  ±  5%,  unless  otherwise  noted 


Signal 

Symbol 

Parameter 

Min. 

Max. 

Unit 

Comments 

* 

'W(*H) 

lW(*L) 
!r'f 

Clock  Period 

Clock  Pulse  Width,  Clock  High 
Clock  Pulse  Width,  Clock  Low 
Clock  Rise  and  Fall  Times 

4   _, 
180 
180 

m 

2000 
2000 
30 

nsec 

f'l  !c  =  (W  (*H)  +  !W  (*  L) 

ttr  +  tf 

DQ-D7 

!HW(D) 

!HR(D) 

'DR(D) 

'dI(D) 

!F(D) 

(S(D) 

!S4>(D) 

Data  Hold  Time  During  Write  Cycle 

Data  Hold  Time  From  Rising  Edge  of  RD  During  Mi  Cycle 

Data  Output  Delay  During  Read  Cycle 

Data  Output  Delay  During  INTA 

Delay  to  Floating  Bus  During  Read  Cycle 

Data  Setup  Time  to  Rising  Edge  of  IORQ  During  Write  Cycle 

Data  Setup  Time  to  Rising  Edge  of  Clock  During  Mi  Cycle 

0 
0 

200 
50 

430 
[21 
160 

nsec 

VA7' 
B0~B7 

!H  (PD) 
!S(PD) 
lDS  (PD) 
!F(PD) 
'DI(PD) 

Pott  Data  Hold  Time  From  Rising  Edge  of  STROBE 
Port  Data  Setup  Time  to  Rising  Edge  of  STROBE 
Port  Data  Output  Delay  From  Falling  Edge  of  STROBE 
Delay  to  Floating  Port  Data  Bus  From  Rising  Edge  of  STROBE 
Port  Data  Stable  From  Rising  Edge  of  IORQ  During  Write  Cycle 

0 

260 

200 

230 
200 

nsec 
nsec 

Mode  1 
Mode  1 
Mode  2 
Mode  2 
ModeO 

B/A,  C/D, 
CE 

'H(CS) 
(S(CS) 

Control  Signal  Hold  Time  From  Rising  Edge  of  IORQ 
Control  Signal  Setup  Time  to  Failing  Edge  of  IORQ 

0 

30 

nsec 
nsec 

ASTB, 
BSTB 

fW  (ST) 

Pulse  Width,  STROBE     - 

!S0 

[3] 

nsec 

Mode  0  or  1 

Mode  2  Output  [3]  t^  (gT)  •>  (S  (PD) 

INT 

lD(iT) 
'D(IT3) 

INT  Delay  Time  From  Rising  Edge  of  STROBE 

INT  Delay  Time  From  Data  Match  During  Mode  3  Operation 

490 
420 

nsec 
nsec 

Mode  0,  1  or  2 
Mode  3 

iei 

lS(IEI) 

Setup  Time  Of  IEI  Prior  To  IORQ  During  Interrupt  Acknowledge 

0 

nsec 

IEO 

'DL0O) 
lDH  (10) 

'DM  (IEO) 

IEO  Delay  Time  From  Failing  Edge  oflEI 

IEO  Delay  Time  From  Rising  Edge  of  RD  During  RETI 

Delay  Time  From  Failing  Edge  of  Ml  To  Failing  Edge  of  IEO 

210 

1  stc  + 

500 
310 

nsec 
nsec 

See  [4]  Below 

ARDY 
BRDY 

'DH (RY) 
lDL(RY) 

READY  Response  Time  From  Rising  Edge  of  IORQ 
READY  Response  Time  From  Rising  Edge  of  STROBE 

tc       + 
460 

400 

nsec 

(2)    380  ns  for  CL=  lOOpF;  410  ns  for  CL  =  200pF 

[4]   2  5  tc  >  (N-2)tDL  (I0)  +  tDM  (IE0)  +  ts  (IE!)  +  TTL  buffer  delay,  if  any 
where  N  =  number  of  PIO's  in  daisy  chain 

Output  load  circuit. 


k  9 


-<- 


CBrCB4    1N914  OR  EQUIVALENT 
CL  -  ZOOpf  ON  D0-D7 

=  50pf  ON  ALL  OTHERS 
UNLESS  OTHERWISE  SPECIFIED 


CAPACITANCE 

TA  =  25°C,f=  1  MHz 


Symbol 

Parameter 

Max. 

Unit 

Test  Condition 

c* 

Clock  Capacitance 

10 

pF 

Unmeasured  Pins 
Returned  to  Ground 

C1N 

Input  Capacitance 

5 

pF 

COUT 

Output  Capacitance 

10 

PF 

7-106 


TIMING  CHART 


e  made  a!  ihe  following  voltages,  l 


T  0 

CLOCK  42  V  8  V 

Mherw.sespecf.ed'    0UTPUT         20V  8V 

INPUT  20  V  8  V 

FLOAT  V  tQ5V 


(B/A  AND  C/D 
MUST  BE  VALID 
DURING  CE) 
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A.C.  Characteristics 


TA  =  0°Cto70°C,Vcc 

=  +5  V  ±  5%,  unless  otherwise  noted 

Signal 

Symbol 

Parameter 

Min. 

Max. 

Unit 

Comments 

<!> 

tc(*) 
tw(<t>H) 
twd'L) 
«r.*f 

Clock  Period 

Clock  Pulse  Width,  Clock  High 
Clock  PulseAVidth,  Clock  Low 
Clock  Rise  and  Fall  Times 

0,4 

,'.  180 

180 

2 

2000 
30 

usee 
nsec 
nsec 
nsec 

CSo.CSj 

tS*(CS) 
tH<t>(CS) 

Channel  Select  Setup  Time  (o  Rising-Edge  of*  during  Read  or  Write  Cycle 
Channel  Select  Hold  Time  from  Rising  Edge  of  <t>  during  Write  Cycle 

140 
I5tc(*> 

nsec 
nsec 

CE 

tS*(CE) 
tH*(CE) 

Chip  Enable  Setup  Time  to  Rising  Edge  of  *  during  Read  or  Write  Cycle 
Chip  Enable  Hold  Time  from  Rising  Edge  of  *  during  Write  Cycle 

140  i.js 
0 

-"  ' 

nsec 

D0-D7 

'DR(D) 

tH*(D) 
tDI<D) 
tFIM(D) 
'FR(D) 

»Fl(D> 

Data  Output  Delay  from  Rising  Edge  of  *  during  Read  Cycle 

Data  Setup  Time  to  Rising  Edge  of  *  during  Write  Cycle  or  M  1  Cycle 

Data  Hold  Time  from  Rising  Edge  of  *  during  Write  Cycle  or  Ml  Cycle 

Data  Output  Delay  from  Falling  Edge  of  IORQ  during  INTA  Cycle 

Delay  to  Floating  Bus  from  Rising  Edge  of  IORQ  or  M!  during  INTA  Cycle 

Delay  to  Floating  Busfrom  Rising  Edge  of  CE.IORQ,  or  RD  during 

Read  Cycle 

Delay  to  Floating  Bus  from  Falling  Edge  of  IE!  during  INTA  Cycle 

80 
0 

305 

205 
210 
210 

230 

nsec 
nsec 

fORQ 

ts*(IR) 
tH<t><IR> 

IORQ  Setup  Time  to  Rising  Edge  of  *  during  Read  or  Write  Cycle 
IORQ  Hold  Time  from  Rising  Edge  of  *  during  Write  Cycle 

140 
1  Stc  (4>> 

n«c 

IEO 

iDLdO) 
tDH(IO) 
tD*<K>) 

IEO  Delay  Time  from  Falling  Edge  of  IEI 
IEO  Delay  Time  from  Rising  Edge  of  IEI 
IEO  Delay  Time  from  Falling  Edge  of*  during  RET! 

180 
180 
185 

nsec. 
nsec 

INT 

IDCK(IT) 

INT  Delay  Time  from  Rising  Edge  of  CLK/TRG 
INT  Delay  Time  from  Rising  Edge  of  * 

2tc(*)+155 

tc<*)+155 

nsec 

Counter  Mode 
Timer  Mode 

Ml 

tsW*(MD 
tSR*<MD 

tH*(Ml) 

Ml  Setup  Time  to  Rising  Edge  of  *  during  Read  or  Write  Cycle 
Ml  Setup  Time  to  Rising  Edge  of  *  during  INTA  or  Ml  Cycle 
M 1  Hold  Time  from  Rising  Edge  of  * 

115 

115 

0 

nsec 
nsec 
nsec 

RD 

tSWq,(RD) 
tH.r><RD) 
tSR<t><RD> 
tHW*(RD) 

RD  Setup  Time  to  Rising  Edge  of  *  during  Write  or  INTA  Cycle 
RD  Hold  Time  from  Rising  Edge  of  *  during  INTA  Cycle 
RD  Setup  Time  to  Rising  Edge  of  *  during  Read  or  M 1  Cycle 
RD  Hold  Time  from  Rising  Edge  of  *  during  Write  Cycle 
RD  itold  Time  from  Rising  Edge  of  *  during  M 1  Cycle 

US 
0 

140 
0 
0 

W*>/2 

nsec 
nsec 

CLK/TRG(),3 

tC(CK) 
lS(CK) 
tS<TR) 

tW<CTH) 
tW<CTL) 

Clock  Period 

Clock  Setup  Time  to  Rising  Edge  of*  for  immediate  count 

Trigger  Setup  Time  to  Rising  Edge  of  *  for  enabling  of  prescaler  on 

second  succeeding  * 

Clock  and  Trigger  Rise  and  Fall  Times 

Clock  and  Trigger  High  Pulse  Width 

Clock  and  Trigger  Low  Pulse  Width 

2tc(*) 
100 
100 

100 
100 

50 

nsec 

nsec 
nsec 

nsec 

Counter  Mode 
Counter  Mode 
Timer  Mode 

Counter  and 
Timer  Modes 
Counter  and 
Timer  Modes 
Counter  and 
Timer  Modes 

ZC/TO0_2 

tDH(ZC) 
«DL<Zf) 

ZC/TO  Delay  Time  from  Rising  Edge  of  <!>,  ZC/TO  High 
ZC/TO  Delay  Time  from  Rising  Edge  of  *,  ZC/TO  Low 

185 
185 

nsec 

Counter  and 
Timer  Modes 
Counter  and 
Timer  Modes 

Notes:    I.    The  RESET  signal  must  be  active  for : 
Output  load  circuit. 


Capacitance 


TA  =  25°C,f 

=  1  MHz 

Symbol 

Parameter 

Max. 

Unit 

Test  Condition 

C* 

Clock  Capacitance 

20 

pF 

Unmeasured  Pins 
Returned  to  Ground 

Qn 

Input  Capacitance 

5 

pF 

COUT 

Output  Capacitance 

10 

pF 

7-108 


A.fc.  Timing  Diagram 


ling  measurements  are  made  at  the  following  voltages,  unless  otherwise  specified: 


J~\ 


3= 


■"U4^i         H 


E? 


TIC 


|-*-!S„,(d)-**- 


"1"  "0" 

CLOCK  4.2  V  ,8  V 

OUTPUT  2.0  V  .8  V 

INPUT  2.0  V  8  V 

FLOAT  AV      =  ±0.5V 


h*-tStll(CE}-*"- 


X 


XT. 


IX 


F3 


«FIMtD) 

tFR(o)"n 


f 


/ 


J- — I 


S 


t~\ ) 


Cl.K/TRGg_3 


/COUNTER  \ 
V    MODE      / 


/TIMER  \ 
\M00Ey 


tSW*(M1) 


J       aL 


tw(CTL) 

jr 


^ 


■»4-tH<(,(RD) 


k*tSR,]({R0>**.  l| 
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Absolute  Maximum  Ratings 


Temperature  Under  Bias 

Voltage  On  Any  I'm  With 

Respect  To  Ground 
Power  Dissipation 


♦Comment 

70°  C 

Stressesabove  those  listed  under '  Absulute  Maximum 

IS(lgC 

Rating  '  mav  cause  permanent  damage  to  the  device 

This  is  a  stress  rating  only  and  functional  operation  ul 

t7  V 

the  device  al  these  or  any  other  condition  above  those 

indicated  in  the  operational  sections  of  [his  specifica- 

tion is  not  smplied   Exposure  lo  absolute  maximum 

rating  conditions  tor  extended  periods  may  affect 

device  reliability 

D.C.  Characteristics 


TA  =  0J  C  to 

70"  C    Vev  =  5  V  ±  ?W  unless  otherwis 

e  speeded 

Symbol 

Parameter 

Min 

Max 

Unit 

Test  Condition 

V!LC 

Clock  Input  Low  Voltage 

-0.1 

0  6 

v 

i0L=  1.8  mA 
lOH-100^A 

Tc  =  400  n  sec 

v|N  =  oi0v« 

VOUT  =  24toV« 
VOUT=04 V 

VIHC 

Clock  Input  High  Voltage  )1] 

Vcc-,2 

Vcc 

v 

VIL 

Input  Low  Voltage 

-0  3 

OK 

V 

viH 

Inpsn  High  Voltage 

2  0 

Vcc 

v 

V0L 

Output  Low  Voltage 

04 

V 

VOH 

Output  High  Voltage 

14 

v 

'cc 

Power  Supply  Current 

100 

mA 

■li 

Input  Leakage  Current 

10 

M 

■loh 

Tri-State  Output  Leakage  Curren 

in  Float 

10 

»A 

'lol 

Tri-State  Output  Leakage  Curren 

in  Float 

-10 

fiA 

'OHD 

Darlington  Drive  Current 

v0H  =  isv 

REXT  =  390  n 

*TTL  l^~~ 


Packag 
Configi 

o5-« *. 

"»-" — ■" 

its » 

INI    hS 

e 
iiration 

<• «-D, 

-4 CLKfiriO; 

•*- C5» 

■• RTsTi 

Package  Oi 

itline 

""" 1 

=l-cljcu  n  n  n  r-i  n-cn, 

> 

J 

'.!l_ 

La.,.0..LL|  u  ^.^..^..Q,,^,  uauuu 

i_ 

.                     U , MIU.BI   - 

Q.b.»i                         ■<,""!i■4,, 

if 

3\ 

T 

mm 

I! 
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sti         —J!,, w5 '  Ml 
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Zilog 
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Telephone:  (408)  4464666       TWX  910-338-7621 


Printed  in  US  A 
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Capacitance 


TA  =  25°C,f=  1  MHz 


Symbol 

Parameter 

Max. 

Unit 

Test  Condition 

C(j) 

Clock  Capacitance 

20 

PF 

Unmeasured  Pins 
Returned  to  Ground 

CIN 

Input  Capacitance 

5 

PF 

COUT 

Output  Capacitance 

10 

pF 

Load  Circuit  for  Output 


TEST  POINT 
O 


FROM 
OUTPUT  - 
UNDER    *" 
TEST 


<F 


+,  9. 
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A.C.  Timing  Diagrams 


— ^ 

IDC 


"V 


X 


V4 


f 


7-112 


♦ 

- 

C I 

c ! 

|-* tsvy(ADJ 

1- 

-4 — tHw(ADt 

f-*-lvwW'M) 

A0  -  A15 

— a 
dt- 

*1 

-•-- tF(AD) 

Ao  -  A15 

4 

V 
V 

"f-tDL,|>(MR| 

._. 

k 

\ 

H-tDL-|.(MR>                             tWH 

(MR) 

? 

•«* — *4     -»> 

"*tDH,T,(MR)  -»■ 

MREQ 

-+. 

"    7 

f 

-  iwilMR!            _*. 

l-tDLT.(RDI        'DH.MMRl-*- 

4 

/ 

OL,|>tRDl 

I 

tDH?.(RD) 

RD 

_^ 

V 

**-                                   tDLrf, 

) 

-^-tDL'l. 

WR) 

<DH.J.(RD)-*- 

-ii  r 

^* 

-^-tDHTT,(WR) 

/** 

-tDH.,.IWRl            -». 

V 

J 

tWH  IWR I „ 

*-lDH'|.('R)                       toL'lil'Rt-^ 

-ft 

/ 

tDHT.«IRi 

IORQ 

V 

}■ 

tDL7T,(!R)-*- 

f— 

"•'H**                                                           j-*.tsw(D).**. 

-A 

**-'HW<D| 

D0  -  D7 

T~ 

-=  ^ ,/c. 

r~    — 

"H  <ST.|.(D1 

i tST^D 

" *►- 

*— t 

N. — >. 
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A.C.  Characteristics 


Signal 

Symbol 

Parameter 

Min. 

Max. 

Unit 

Comments 

1 

<1> 

tc 

Clock  period 

0.4 

usee 

2 

twC^H) 

Clock  pulse  width,  high 

180 

°° 

nsec 

3 

tw(*L) 

Clock  pulse  width,  low 

180 

2000 

4 

tr,tf 

Clock  rise  and  fall  times 

30 

5 

DO-D? 

tHW(D) 

Data  hold  after  rising  edge  of  *  during  command  cycle 

0 

nsec 

6 

tHR(D) 

Data  hold  from  rising  edge  of  RD  during  M 1  cycle 

0 

7 

tDR(D) 

Data  output  delay  during  DMA  response  cycle  (RD  •  CE  •  IORQ) 

350 

8 

tDl(D) 

Data  output  delay  from  falling  edge  of  IORQ  during  INTA  cycle 

350 

9 

tF<D) 

Delay  to  floating  bus  from  rising  edge  of  RD  during  response  cycle 

210 

10 

tSW<l>{D) 

Data  set-up  time  to  rising  edge  of  <J>  during  command  cycle 

200 

li 

tS<t>(D> 

Data  set-up  time  to  rising  edge  of  clock  during  Ml  cycle 

100 

During 
INTA  cycle 

12 

tF(V) 

Delay  to  Floating  Bus  from  falling  edge  of  IE1 

200 

13 

tST*(D) 

Data  set-up  prior  to  *  when  <t>  will  end  RD 

100 

During  a 
transfer 
or  compare 

14 

tST*(D) 

Data  set-up  prior  to  *  when  *  will  end  RD 

100 

15 

Ao-Ais 

tD(AD) 

Address  output  delay 

200 

nsec 

16 

tF(AD) 

Delay  to  float 

120 

17 

r  tSW(AD) 

Addr  set-up  to  rising  edge  of  *  during  command  cycle 

200 

18 

tHW(AD) 

Addr  hold  after  rising  edge  of  <J>  during  command  cycle 

0 

19 

MREQ 

tDL«I>(MR) 

MREQ  delay  from  rising  edge  of  <t>,  MREQ  low 

120 

20 

tDL*(MR) 

MREQ  delay  from  falling  edge  of  1>,  MREQ,  low 

130 

21 

tDH<t>(MR) 

MREQ  delay  from  rising  edge  of  <I>,  MREQ,  high 

130 

22 

tDH<t>(MR) 

MREQ  delay  from  falling  edge  of  *,  MREQ,  high 

15U 

23 

tWL(MR) 

Pulse  width,  MREQ  low 

200 

NOTE  S 1 1 

24 

twH(MR) 

Pulse  width,  MREQ  high 

200 

NOTE  11] 

25 

INT 

tDC(H) 

INT  delay  time  from  compare 

400 

nsec 

26 

tDE(IT) 

INT  delay  time  from  end  of  block  if  selected 

400 

27 

tDROT) 

TNT  delay  time  from  start  of  READY  if  selected 

400 

28 

IEO 

tDLOO) 

IEO  delay  time  from  falling  edge  of  IEI,  IEO  low 

180 

nsec 

29 

tDHOO) 

IEO  delay  time  from  rising  edge  of  IEI,  IEO  high 

180 

30 

tD*H(10) 

IEO  delay  time  from  falling  edge  of  *  during  RETI,  IEO  low 

185 

31 

tORQ 

tDL<t.(IR) 

iORO.  delay  from  rising  edge  of  *,  IORQ  low 

110 

„,«c 

32 

tDL*XIR) 

IORQ  delay  from  falling  edge  of  <t>,  IORQ  low 

130 

33 

tDH*(lR) 

K5RTJ  delay  from  rising  edge  of  *,  IORQ  high 

130 

34 

tDH^(IR) 

RSRTJ  delay  in  falling  edge  of  *,  IORQ  high 

150 

35 

ts(C) 

Control  signal  (IORQ,  CE)  setup  before  falling  edge  of  4>,  Control  low 

200 

36 

_ 

tWL(WR) 

Pulse  width  WR  low 

200 

« 

37 

tWH(WR) 

Pulse  width  WR  high 

[2] 

38 

tDL*(WR) 

WR  delay  from  rising  edge  of  4>,  WR  low 

110 

39 

tDL*(WR) 

WR  delay  from  falling  edge  of  *,  WR  low 

130 

40 

tDH*(WR) 

WR  delay  from  rising  edge  of  <I>,  WR  high 

130 

41 

tDH*(WR) 

WR  delay  from  falling  edge  of  *,  WR  high 

150 

42 

_ 

tDL*(RD) 

RD  delay  from  rising  edge  of  <t>,  RD  low 

130 

nsec 

43 

tDL*(RD) 

RD  delay  from  falling  edge  of  <t>,  RD  low 

150 

44 

tDH<I>(RD) 

RD  delay  from  rising  edge  of  <P,  RD  high 

130 

45 

tDH*(RD) 

RD  delay  from  falling  edge  of  <r>,  RD  high 

150 

46 

tDL0>(BR) 

BUSRQ  delay  from  rising  edge  of  <I>,  BUSRQ  low 

250 

nsec 

BUSRQ 

47 

tDH*{BR) 

BUSRQ  delay  from  rising  edge  of* 

110 

48 

_ 

tDL(BO) 

BAO  delay  time  from  falling  edge  of  BAI,  BAO  low 

180 

nsec 

49 

tDH(BO) 

BAO  delay  time  from  rising  edge  of  BAI,  BAO  high 

180 

50 

mT 

tsw*(Ml) 

Ml  set-up  time  to  rising  edge  of  *  during  command  or  response  Ml  high 

120 

nsec 

51 

tSR<l>(MI) 

M 1  set-up  time  to  rising  edge  of  <t>  during  INTA  or  M I  cycle  M 1  low 

120 

Variable  cycle  length  1  clock  period,  MREQ  start  delay  -  W  clock  period  MREQ  stop  =  end  of  cycle 
A  rising  edge  and  a  complete  tc  must  occur  between  command  writes. 
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Absolute  Maximum  Ratings 


Temperature  Under  Bias 
Storage  Temperature 
Voltage  On  Any  Pin  with 

Respect  to  Ground 
Power  Dissipation 


Specified  operating  range. 
-65°C  to  +150°C 
-0.3V  to  +7V 


Note: 


Ail  AC  and  DC  characteristics  remain  the  same  for 
the  military  grade  parts  except  lcc. 


Ice  =  200  m  A 

D.C.  Characteristics 


•Comment 

Stresses  above  those  listed  under  "Absolute 
Maximum  Rating"  may  cause  permanent 
damage  to  the  device.  This  is  a  stress  rating 
only  and  functional  operation  of  the  device 
at  these  or  any  other  condition  above  those 
indicated  in  the  operational  sections  of  this 
specification  is  not  implied.  Exposure  to 
absolute  maximum  rating  conditions  for 
extended  periods  may'  affect  device  reliability . 


TA  =  0°C 

Id  70°C,  Vcc  -  5V  ±5%  unless  otherwise  spc 

ified 

Symbol 

Parameter 

Min 

Typ. 

Max, 

Unit 

Test  Condition 

V|LC 

Cioek  inpul  Low  Voltage 

-0.3 

0,45 

v 

VfflC 

Cluck  Input  High  Voltage 

Vcc- 2") 

Vcc 

V 

V|L 

Input  Low  Voltage 

-0.3 

0  8 

v 

V|H 

Input  High  Voltage 

20 

Vcc 

V 

VOL 

Output  Low  Voltage 

0  4 

V 

Iol  B  I  8  mA 

VOH 

Output  High  Voltage 

2  4 

V 

lot)  =  -250/jA 

Va- 

Power Supply  Current 

150 

mA 

tc  »  400  nsec 

in 

input  Leakage  Current 

10 

AiA 

V|N  =  0  lo  VtT 

■lom 

Tri-Staie  Output  Leakage  Current  in  Float 

10 

M 

V0UT  =  2  4  to  Vcr 

U.OL 

Tri-Statc  Output  Leakage  Current  in  Float 

-10 

pA 

V0UT  =0  4V 

Ild 

Data  Bus  Leakage  Current  in  Input  Mode 

±10 

M 

0  <  V,N  <  VCC 

,„H>- 


Package  Configuration 


10460  Bubb  Road,  Cupertino,  California  95014 
03-0013-00 


Package  Outline 


men  nnnnnnnnnnnqnnn  n, 


uuuuuuuuuuuuuuuuuu  VJtt 


£1111 
J 

T 


%     M a   .      . 


Ordering  Information 

C  -  Ceramic 

P   -  Plastic 

S   -  Standard  5V  ±5%,  0°  to  70°C 

E    -  Extended  5V  ±  5%  -40°  to  85°C 

M  -  Military  5V±  10% -55°  to  125°C 


Z80-DMA  CS  (Ceramic^Standard  range) 


Zilog 


Telephone:  (408)446-4666 


TWX  910-338-7621 
Printed  in  USA 


7-115 


Chapter  8 
THE  MOTOROLA  MC6800 


The  MC6800  was  developed  by  Motorola  as  an  enhancement  of  the  Intel  8008,  at 
the  same  time  that  Intel  was  developing  the  8080A,  also  as  an  enhancement  of 
the  8008. 

When  comparing  the  MC6800  to  the  8080A,  the  most  important  feature  of  the 
MC6800  is  its  relative  simplicity.  Here  are  a  few  superficial,  but  illustrative  com- 
parisons between  the  two  products: 

1)  As  compared  to  the  8080A,  MC6800  timing  is  very  simple  MC6800  instructions 
execute  in  two  or  more  machine  cycles,  all  of  which  are  identical  in  length.  In  con- 
trast to  the  8080A,  which  we  described  in  Chapter  4,  note  that  an  MC6800 
machine  cycle  and  clock  period  are  one  and  the  same  thing— each  MC6800 
machine  cycle  has  a  single  clock  period 

2)  Whereas  the  8080A  has  separate  I/O  instructions,  the  MC6800  includes  memory 
and  I/O  within  a  single  address  space  Thus  all  I/O  devices  are  accessed  as  memory 
locations 

3)  The  MC6800  has  a  simpler  set  of  control  signals,  therefore  it  does  not  multiplex 
the  Data  Bus  —  and  does  not  need  any  device  equivalent  to  the  8228  System  Con- 
troller 

4)  Whereas  the  8080A  requires  three  levels  of  power  supply,  the  MC6800  uses  just 
one  —  +  5V 

5)  The  instruction  set  of  the  MC6800  is  much, easier  to  comprehend  than  that  of  the 
8080A.  The  MC6800  has  fewer  basic  instruction  types,  with  more  memory  ad- 
dressing options,  the  8080A,  by  way  of  contrast,  has  a  large  number  of  special, 
one-of-a-kind  instructions. 

It  is  very  informative  to  extend  the  five  comparisons  above  with  the  enhance- 
ments that  Intel  has  made  to  the  8080A  in  order  to  come  up  with  the  8085.  Let  us 

take  the  five  points  one  at  a  time 

1)  8085  instruction  execution  timing  is  far  simpler  than  the  8080A.  But  MC6800  tim- 
ing is  still  far  simpler  than  the  8085 

2)  The  8085  retains  the  separate  memory  and  I/O  spaces  of  the  8080A. 

3)  The  8085  has  separate  control  signals  which  do  not  need  to  be  demultiplexed  off 
the  Data  Bus,  as  required  by  the  8080A  The  price  paid  by  the  8085  is  a  multiplex- 
ed Data  and  Address  Bus.  Neither  the  MC6800  nor  the  8085  need  any  device 
equivalent  to  the  8228  System  Controller;  however,  the  8085  will  need  a  bus 
demultiplexer  in  configurations  that  do  not  use  the  standard  8085  support  devices. 

4)  The  8085,  like  the  MC6800,  has  gone  to  a  single  +5V  power  supply. 
'5)     The  8085  instruction  set  is  almost  identical  to  that  of  the  8080A. 

An  additional  point  worth  noting  is  that  the  8085  includes  clock  logic  on  the  CPU  chip. 
The  MC6800  requires  a  separate  clock  logic  chip. 

Looking  at  the  8085,  there  are  grounds  for  arguing  that  Intel  has  acknowledged 
that  the  MC6800  has  some  desirable  characteristics  not  present  in  the  8080A.  In 


order  to  compete  with  the  8085,  therefore,  Motorola  will  not  be  required  to  make 
MC6800  enhancements  of  the  same  magnitude  as  Intel  made  going  from  the 
8080A  to  the  8085.  Specifically,  these  are  the  MC6800  characteristics  which  re- 
main to  be  addressed  by  any  MC6800  enhancement: 

1)  Clock  logic  must  be  moved  on  to  the  CPU  chip 

2)  Multifunction  CPU  and  support  devices  must  be  developed  so  that  Motorola  can 
offer  low  chip  count  microcomputers 

Additional  weaknesses  of  the  MC6800  that  have  manifested  themselves  include: 

1)  An  instruction  set  that  makes  excessive  use  of  memory  as  a  result  of  too  few  Index 
registers  and  a  lack  of  data  mobility  between  registers  of  the  CPU.  This  is  a  weak- 
ness that  was  identified  in  the  first  version  of  this  book 

2)  The  synchronizing  E  signal,  required  by  support  devices  of  the  MC6800,  render 
these  support  devices  useless  in .  any  microcomputer  system  other  than  the 
MC6800.  In  contrast,  8080A  support  devices  can  be  used  widely  in  microcomputer 
systems  not  based  on  the  8080A  CPU 

Future  Motorola  plans  address  many  of  the  points  raised  above.  The  MC6802,  de- 
scribed in  this  chapter,  is  the  first  step  towards  reducing  chip  counts  in  MC6800~based 
microcomputer  systems.  An  MC6801,  planned  for  release  in  late  1977  or  early  1978,  ■ 
will  provide  a  one  chip  MC6800-based  microcomputer  The  MC6809  will  be  the  new 
enhanced  MC6800,  to  compete  with  the  8085  The  MC6809  will  provide  additional  In™ 
dex  registers,  plus  instructions  that  move  data  between  Accumulators  and  Index 
registers-  The  MC 6809  will  have  clock  logic  on  the  CPU  chip 

These  are  the  devices  described  in  this  chapter: 

•  The  MC6800  CPU 

•  The  MC6802  CPU  with  RAM 

•  The  MC6870  series  Clocks 

•  The  MC6820  Peripheral  Interface  Adapter  (PIA) 

•  The  MC6850  Asynchronous  Communications  Interface  Adapter  (ACIA) 

•  The  XC6852  Synchronous  Serial  Data  Adapter  (SSDA) 

•  The  MC6828  Priority  Interrupt  Controller  (PIC) 

Two  new  series  of  MC6800  parts  offer  higher  speeds.  Standard  MC6800  parts  use 
a  1  MHz  clock  signal.  "A"  parts  use  a  1  5  MHz  clock  signal,  while  "B".parts  use  a  2  MHz  . 
clock  signal  There  is,  in  addition,  an  MC682 1  PIA  which  is  identical  to  the  MC6820  in 
operating  characteristics,  but  has  different  physical  characteristics 

The  principal  MC6800  manufacturer  is 

MOTOROLA  INCORPORATED 

Semiconductor  Products  Division 

3501  Ed  Bluestein  Boulevard 

Austin,  Texas  78721 
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The  second  sources  are: 

AMERICAN  MICROSYSTEMS 
3800  Homestead  Road 
Santa  Clara,  California  95051 

FAIRCHILD  SEMICONDUCTOR 

464  Ellis  Street 

Mountain  View,  California  94040 

HITACHI  — Semiconductors  And  Integrated 
Circuits  Division  of  Hitachi  LTD 
1450  Josuihan-Cho-Kodaira-Shi 
Tokyo,  Japan 

SESCOSEM  —Thompson  CSF 

173  Haussmann  Blvd. 
Paris,  France  75008 

The  MC6800  devices  use  a  single  +5V  power  supply.  Using  a  one  microsecond 
clock,  instruction  execution  times  range  from  2  to  12  microseconds.  A  one 
microsecond  clock  is  the  standard  for  MC6800  microcomputer  systems.  750 
nanosecond  clocks  are  standard  for  the  6800A  series  while  500  nanosecond 
clocks  are  standard  for  the  6800B  series. 

All  MC6800  devices  have  TTL  compatible  signals. 

N-channel  silicon  gate,  depletion  load  MOS  technology  is  used  for  the  MC6800. 

THE  MC6800  CPU 

Functions  implemented  on  the  MC6800  CPU  are  illustrated  in  Figure  8-1;  they 
represent  typical  CPU  logic  As  compared  to  other  microprocessors  described  in  this 
book,  the  MC6800  might  be  considered  deficient  in  requiring  external  clock  logic; 
however,  its  principal  competitor,  the  8080A,  requires  external  clock  logic  and  Data 
Bus  demultiplexing  logic. 

The  need  for  external  clock  logic  simply  reflects  the  fact  that  the  MC6800  is  one  of  the 
earlier  microprocessors. 

THE  MC6800  PROGRAMMABLE  REGISTERS 

The  MC6800  has  two  Accumulators,  a  Status  register,  an  Index  register,  a  Stack 
Pointer  and  a  Program  Counter.  These  may  be  illustrated  as  follows: 

Accumulator  A 
Accumulator  B 
Index  Register  X 
Program  Counter  PC 
Stack  Pointer  SP 
Status  Register 

The  two  Accumulators,  A  and  B,  are  both  primary  Accumulators.  The  only  instruc- 
tions which  apply  to  one  Accumulator,  but  not  the  other,  are  the  instructions  which 
move  statuses  between  Accumulator  A  and  the  Status  register. 

The  Index  register  is  a  typical  microcomputer  Index  register,  as  described  in 
Volume  I. 
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The  MC6800  has  a  Stack  implemented  in  memory  and  indexed  by  the  Stack 
Pointer,  as  described  in  Volume  I.  Because  of  the  nature  of  the  MC6800  instruction 
set  it  is  more  realistic  to  look  upon  the  MC6800  Stack  Pointer  as  a  cross  between  a 
Stack  Pointer  and  a  Data  Counter  Memory  reference  instructions  make  it  very  easy  to 
store  the  contents  of  either  the  Stack  Pointer  or  the  Index  register  in  read/write  memo- 
ry, by  maintaining  a  number  of  base  page  memory  locations  as  storage  for  these  two 
Address  registers,  each  can  be  put  to  multiple  use. 

The  Program  Counter  is  a  typical  Program  Counter,  as  described  in  Volume  I. 

MC6800  MEMORY  ADDRESSING  MODES 

MC6800  memory  reference  instructions  use  direct  addressing  and  indexed  ad- 
dressing. 

The  MC6800  has  an  unusually  large  variety  of  memory  referencing  instructions, 

all  of  which  offer  three-byte,  direct  memory  addressing;  a  16-bit  direct  address  is  pro- 
vided by  the  second  and  third  bytes  of  the  instruction;  therefore,  65,536  bytes  of 
memory  can  be  directly  addressed.  The  commonly  used  memory  reference  instructions 
also  have  a  base  page,  direct  addressing  option;  this  is  a  two-byte  instruction,  with  a 
one-byte  address  which  can  directly  address  any  one  of  the  first  256  bytes  of  memory. 

All  memory  reference  instructions  are  available  with  indexed  addressing.  Indexed 
addressing  on  the  MC6800  differs  from  indexed  addressing  as  described  in  Volume  I,  in 
that  the  one-byte  displacement  provided  by  the  memory  reference  instruction  is  added 
to  the  Index  register  as  an  unsigned  8-bit  value: 

Byte  1  Byte  2 

\       OP  Code       |  xx  |  Instruction 

I  PPqq  I  Index  Register 

Effective  Address  =  ppqq  4  OOxx 

p,  q  and  x  represent  any  hexadecimal  digits. 

MC6800  programs  can  use  the  Stack  Pointer  as  an  Address  register,  but  two  bytes  of 
read/write  memory  must  be  reserved  for  the  current  top  of  Stack  address  and  interrupts 
must  be  disabled  while  the  Stack  Pointer  is  being  used  to  address  data  memory.  A 
single  instruction  allows  an  address  to  be  loaded  into  the  Stack  Pointer,  another  single 
instruction  allows  the  Stack  Pointer  contents  to  be  stored  in  read/write  memory.  In 
most  programs,  the  Stack  is  unused  for  much  of  the  time,  therefore,  given  the  low 
MC6800  overhead  involved  with  swapping  addresses  between  the  Stack  Pointer  and 
read/write  memory,  making  dual  use  of  the  Stack  Pointer  is  advisable 

Branch  and  Branch  on  Condition  instructions  use  program  relative,  direct  address- 
ing; a  single  byte  displacement  is  treated  as  a  signed  binary  number  which  is  added  to 
the  Program  Counter,  after  Program  Counter  contents  have  been  incremented  to  ad- 
dress the  next  sequential  instruction  This  allows  displacements  in  the  range  -f-129  to 
-126  bytes 

One  note  of  caution  Motorola's  MC6800  literature  uses  the  term  "implied  addressing" 
to  describe  instructions  that  identify  one  of  the  programmable  registers  The  closest 
thing  the  MC6800  has  to  implied  addressing,  as  the  term  is  used  in  this  book,  is 
indexed  addressing  with  a  zero  displacement. 
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PIN  NAME 

DESCRIPTION 

TYPE 

♦A0-A15 

Address  Lines 

Tristate,  Output 

*D0-D7 

Data  Bus  Lines 

Tristate,  Bidirectional 

*HALT 

Halt 

Input 

*TSC 

Three  State  Control 

Input 

*R/W 

Read/Write 

Tristate,  Output 

*VMA 

Valid  Memory  Address 

Output 

*DBE 

Data  Bus  Enable 

Input 

♦BA 

Bus  Available 

Output 

*IRQ 

interrupt  Request 

Input 

RESET 

Reset 

Input 

NMi 

Non-Maskable  Interrupt 

Input 

4>1.  <t>2 

Clock  Signals 

Input 

vss<  vcc 

Power 

Input 

•These  signals 

connect  to  the  System  Bus. 

Figure  8-2,  MC6800  CPU  Signals  And  Pin  Assignments 


MC6800  STATUS  FLAGS 

The  MC6800  has  a  Status  register  which  maintains  five  status  flags  and  an  inter- 
rupt control  bit.  These  are  the  five  status  flags: 

Carry  (C) 
Overflow  (0) 
Sign  (S) 
Zero  (Z) 
Auxiliary  Carry  {Aq) 

Statuses  are  assigned  bit  positions  within  the  Status  register  as  follows: 

7    6    5     4    3    2    10**  Bit  No. 

1'Tfl  hj  I  |S|Z|Q|CH« Status  register 

tl  _ 


■•These  unassigned  bits  are  permanently  set  to  1 
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I  is  the  external  interrupt  enable/disable  flag  When  it  is  1,  interrupts  via  IRQ  are  dis- 
abled; when  it  is  0,  interrupts  via  IRQ  are  enabled 

MC6800  literature  refers  to  the  Sign  bit  as  a  negative  bit,  given  the  symbol  N,  the  Over- 
flow bit  is  given  the  symbol  V.  The  Intermediate  Carry  bit  represents  the  standard  Carry 
out  of  bit  3  and  is  referred  to  as  the  Half  Carry  bit.  given  the  symbol  H  Statuses  are 
nevertheless  set  and  reset  as  described  for  our  hypothetical  microcomputer  in  Volume  I. 

MC6800  CPU  PINS  AND  SIGNALS 

The  MC6800  CPU  pins  and  signals  are  illustrated  in  Figure  8-2.  A  description  of 
these  signals  is  useful  as  a  guide  to  the  way  in  which  the  MC6800  microcomputer 
system  works. 

The  Address  Bus  is  a  tristate  bus;  it  is  1 6  bits  wide  and  is  used  to  address  all  types 
of  memory  and  external  devices. 

The  Data  Bus  is  also  a  tristate  bus;  it  is  an  8-bit  bidirectional  bus  via  which  data  is 
transmitted  between  memory  and  all  MC6800  microcomputer  system  devices 

Control  signals  on  the  MC6800  Control  Bus  may  be  divided  into  bus  state  con- 
trols, bus  data  identification,  and  interrupt  processing. 

These  are  the  bus  state  control  signals: 


MC6800 
BUS  STATE 
CONTROLS 


Three  State  Control  (TSC).  This  input  is  used  to  float  the  Address 
Bus  and  the  read/write  control  output 

Data  Bus  Enable  (DBE).  This  signal  is  input  low  in  order  to  float 
the  Data  Bus,  When  the  Data  Bus,  the  Address  Bus  and  the  read/write  control  output 
have  all  been  floated.  Direct  Memory  Access  operations  may  be  performed  by  external 
logic.  DBE  is  frequently  tied  to  the  <i>2  clock  input,  in  which  case  <t>2  and  DBE  are  iden- 
tical signals 


HALT.  When  this  signal  is  input  low,  the  CPU  ceases  execution  and  floats  the  entire 
System  Bus 

Bus  Available  (BA).  This  line  is  output  high  when  the  Data  and  Address  Busses  have 
been  floated  following  a  HALT  input  only  When  BA  is  low,  the  CPU  is  controlling  the 
Data  and  Address  Busses;  information  on  these  busses  is  identified  by  the  follow- 
ing two  control  signals: 

Read/Write  (R/W).  When  high,  this  signal  indicates  that  the  CPU  wishes  to  read  data 
off  the  Data  Bus,  when  low,  this  signal  indicates  that  the  CPU  is  outputting  data  on  the 
Data  Bus.  The  norma!  standby  state  for  this  signal  is  "read"  (high) 

Valid  Memory  Address  (VMA).  This  signal  is  output  high  whenever  a  valid  address 
has  been  output  on  the  Address  Bus 

There  are  three  interrupt  processing  signals  as  follows: 

IRQ,  This  signal  is  used  to  request  an  interrupt.  If  interrupts  have  been  enabled  and 
the  CPU  is  not  in  the  Halt  state,  then  it  will  acknowledge  the  interrupt  at  the  end  of  the 
currently  executing  instruction 

Non-Maskable  Interrupt  (NMI).  This  signal  differs  from  IRQ  in  that  it  cannot  be  in- 
hibited  Typically,  this  input  is  used  for  catastrophic  interrupts  such  as  power  fail 


RESET.  This  is  a  typical  reset  signal 

Note  that  a  number  of  control  signals  output  by  the  MC6800  are  only  capable  of  driving 
one  standard  TTL  load.  Some  form  of  signal  buffering  and  amplification  will  therefore 
be  required  in  most  systems. 


MC6800  TIMING  AND  INSTRUCTION  EXECUTION 


The  MC6800  uses  a  relatively  simple  combination  of  two 
clock  signals  to  time  events  within  the  microprocessor  CPU  and 
the  microcomputer  system  in  general.  These  two  clock  signals 
may  be  illustrated  as  follows: 


MC6800 

CLOCK 

SIGNALS 


Observe  that  clock  signals  <I>1  and  <E>2  both  have  high  pulses  which  occur  within  the 
width  of  the  other  clock  signal's  low  pulse. 

A  further  timing  signal,  given  the  symbol  E,  is  used  by  support  devices  within  an 
MC6800  microcomputer  system.  <I>1,  $2  and  E  timing  signals  are  generated  by 
the  clock  logic  devices  described  later  in  this  chapter. 

Each  repeating  pattern  of  <I>1   and  <J>2  signals  constitutes  a 
single  machine  cycle: 


MC6800 

MACHINE 

CYCLE 


/ — V 


One  Machine 
Cycle 


_  One  Machine 
Cycle 


H 


MC6800  instructions  require  between  two  and  eight  machine  cycles  to  execute.  Inter 
rupt  instructions  are  an  exception,  requiring  longer  instruction  execution  times. 
So  far  as  external  logic  is  concerned,  there  are  only  three . 
types  of  machine  cycles  which  can  occur  during  an  instruc- 
tion's execution: 


MC6800 
MACHINE 
CYCLE 
TYPES 


1)  A  read  operation  during  which  a  byte  of  data  must  be  input 
to  the  CPU 

2)  A  write  operation  during  which  a  byte  of  data  is  output  by  the  CPU 

3)  An  internal  operation  during  which  no  activity  occurs  on  the  System  Bus 

All  MC6800  instructions  have  timing  which  is  a  simple  concatenation  of  the  three 
basic  machine  cycle  types. 


Let  us  therefore  begin  by  looking  at  these  three  basic  machine  cycles. 

Figure  8-3  illustrates  timing  for  a  standard  read  machine  cycle. 

Observe  that  in  the  normal  course  of  events,  neither  the  Address 
nor  the  Data  Busses  are  available  for  DMA  operations.  The  address 
output  is  stable  for  most  of  the  machine  cycle.  Data  needs  to  be 
stable  for  a  short  interval  of  time  late  in  the  machine  cycle.  Exact 
timing  is  given  in  MC6800  data  sheets  at  the  end  of  this  chapter. 


MC6800 
READ 
MACHINE 
CYCLE 


R/W 


Figure  8-3    A  Standard  MC6800  Read  Machine  Cycle 

Figure  8-4  illustrates  a  standard  MC6800  write  machine  cycle. 

This  machine  cycle  is  not  as  straightforward  as  the  read.  The  ad- 
dress to  which  data  is  being  written  is  stable  on  the  Address  Bus 
for  the  duration  of  the  machine  cycles;  however,  the  data  being 
written  is  stable  for  a  period  within  the  high  DBE  pulse  While  DBE 
is  low,  the  Data  Bus  is  floated. 


MC6800 
WRITE 
MACHINE 
CYCLE 


A0~  A16 


Figure  8-4    A  Standard  MC6800  Write  Machine  Cycle 
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Under  normal  circumstances,  DBE  is  identical  to  4>2: 


<1>2  or  DBE 


If  the  high  4>2  pulse  is  too  short  for  external  logic  to  respond 
to  the  write,  the  slow  external  logic  can  be  accommodated  in 
two  ways.  You  can  input  a  DBE  signal  to  the  CPU  that  has  a 
shorter  low  pulse  and  a  longer  high  pulse.  DBE  and  <I>2  are  no 

longer  identical  signals: 


MC6800  WAIT 
STATE  WITH 
SLOW 
MEMORY 


j — V. 


\-T 


\w 


There  is  some  minimum  time  during  which  DBE  must  be  low,  since  the  CPU  itself  re- 
quires time  to  perform  internal  operations  This  minimum  time  is  given  in  the  MC6800 
data  sheets  at  the  end  of  this  chapter 

You  can  also  accommodate  slow  memories  by  stretching  the  system  clocks;  this 
may  be  illustrated  as  follows: 


Stretched  clock 

signals  accommodate 

slow  memories 


jT 


The  standard  clock  devices,  described  later  in  this  chapter,  provide  clock  stretching 
logic.  During  a  clock  stretch,  <M  and  <$>2  cannot  be  held  constant  for  more  than  5  fisec: 
the  MC6800  is  a  dynamic  device,  and  longer  static  clock  periods  can  result  in  loss  of  in- 
ternal data. 


During  an  internal  operation'sjnachine  cycle,  there  is  no  ac- 
tivity on  the  System  Bus.  R/W  is  in  its  normal  high  state  and 
VMA  is  low. 

Table  8-2  defines  the  way  in  which  individual  MC6800  in- 
structions concatenate  machine  cycles  and  use  the  System 
Bus  during  the  course  of  instruction  execution. 


MC6800 

INTERNAL 

OPERATIONS 

MACHINE 

CYCLE 


The  VMA  and  DBE  signals  require  special  mention,  because  their  significance  can 
easily  be  missed.  External  logic  uses  VMA  as  a  signal  identifying  the  address  on  the 
Address  Bus  as  having  been  placed  there  by  the  CPU  DBE  similarly  identifies  that  por- 
tion of  a  machine  cycle  when  the  CPU  is  active  at  one  end  of  the  Data  Bus,  either 
transmitting  or  receiving  data.  And  this  is  why  these  signals  are  so  important:  MC6800 
microcomputer  systems  rely  heavily  on  clock  signal  manipulation  as  a  means  of  accom- 
modating slow  memories,  implementing  Direct  Memory  Access,  or  refreshing  dynamic 
memory.  On  the  next  few  pages  we  are  going  to  see  examples  of  how  this  is  dona  So 
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long  as  you  understand  that  the  VMA  and  DBE  signals  identify  the  unmanipulated  por- 
tions of  a  standard  machine  cycle,  you  will  have  no  trouble  locating  the  time  slices 
within  which  special  operations  such  as  Direct  Memory  Access  or  dynamic  memory 
refresh  are  occurring 

THE  HOLD  STATE,  THE  HALT  STATE  AND 
DIRECT  MEMORY  ACCESS 

The  Hold  state  typically  describes  a  CPU  condition  during  which  System  Busses 
are  floated,  so  that  external  logic  can  perform  Direct  Memory  Access  operations. 

Though  the  MC6800  literature  does  not  talk  about  a  Hold  state,  this 
microprocessor  does  indeed  have  two  equivalent  conditions. 

You  can  float  the  Address  and  Data  Busses  separately,  using  the  TSC  and  DBE  sig- 
nals. 

You  can  enter  an  MC6800  Halt  state,  which  is  equivalent  to  our  definition  of  a 
Hold  state. 

Let  us  begin  by  looking  at  the  use  of  TSC  and  DBE  signals. 

The  Three  State  Control  signal  (TSC),  if  input  high,  will  float  the  Address  Bus  and  R/W 
line  VMA  and  BA  are  forced  low.  The  unusual  feature  of  the  Three  State  Control  input 
is  that  when  this  signal  is  input  high,  you  must  simultaneously  stop  the  clock  by  hold- 
ing $1  high  and  4>2  low  Timing  is  illustrated  in  Figure  8-5  Now  the  MC6800,  being  a 
dynamic  device,  will  lose  its  data  contents  if  the  clock  is  stopped  for  more  than  5  /xsec, 
You  must  therefore  float  the  Address  Bus  just  long  enough  to  perform  a  single  Direct 
Memory  Access.. 


"A r~v_J n r~ 


j  Address  Bus,  [ 

|         R/W  and  VMA  | 

I  floated  I 

Figure  8-5    TSC  Floating  The  Address  Bus 

Just  as  the  Three  State  Control  input  floats  the  Address  Bus,  so  the  Data  Bus  Enable  in- 
put (DBE)  floats  the  Data  Bus  When  DBE  is  input  low,  the  Data  Bus  is  floated 

The  clock  devices,  which  are  described  later  in  this  chapter,  provide  all  necessary  clock 
stretching  logic 

There  are  two  very  important  points  to  note  regarding  the  use  of  Three  State  Control 
(TSC)  and  Data  Bus  Enable  (DBE)  signals 

First  of  all,  note  carefully  that  the  Bus  Available  (BA)  signal  is  held  low  when  the  busses 
are  floated  by  the  Three  State  Control  (TSC)  and  Data  Bus  Enable  (DBE)  signals.  The 
purpose  of  the  Bus  Available  signal  is  to  indicate  that  the  System  Bus  is  available  dur- 
ing a  Halt  or  Wait  state,  both  of  which  we  have  yet  to  describe. 
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I  Address  Bus,  '  > 

1  R/W  and  VMA  ! 

floated  | 
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1  I 

I  Data  Bus  I 

•  floated  I 

•  I 

Figure  8-6.  TSC  Floating  The  Address  And  Data  Busses  When  DBE  Is  Tied  To  <I>2 

The  second  important  feature  of  the  Three  State  Control  (TSC)  and  Data  Bus  Enable 
(DBE)  signals  is  that  they  do  indeed  float  the  System  Bus  in  two  halves.  Now  in  many 
MC6800  systems  $2' and  DBE  are  the  same  signal;  in  such  a  configuration  you  will  au- 
tomatically float  the  Data  Bus  whenever  you  float  the  Address  Bus,  as  illustrated  in 
Figure  8-6. 

Now  consider  the  MC6800  Halt  state. 

The  Halt  state  of  the  MC6800  is  equivalent  to  the  Hold  state  of  the  8080A.  When 
a  low  HALT  is  input  to  the  MC6800,  then  upon  conclusion  of  the  current  instruction's 
execution,  the  System  Bus  is  floated  Timing  is  illustrated  in  Figure  8-7.  Observe  that 
the  Bus  Available  signal,  BA,  is  output  high;  VMA  is  output  low.  The  Address  and  Data 
Busses,  and  the  R/W  control  are  floated, 

In  summary,  the  MC6800  provides  two  means  of  performing  Direct  Memory  Ac- 
cess operations.  You  can  use  the  TSC  and  DBE  inputs  to  gain  control  of  the 
System  Bus  for  as  long  as  it  takes  to  perform  a  single  DMA  access,  or  you  can  use 
the  HALT  input,  following  which  external  logic  can  gain  control  of  the  System  Bus 
for  as  long  as  you  wish. 
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Figure  8-7.  System  Bus  Floating  During  The  Halt  State 

Conceptually,  the  MC6800  scheme  for  implementing  Direct  Memory  Access  or 
dynamic  memory  refresh,  is  very  elegant.  If  you  stretch  the  <1>1  and  <I>2  clock  signals, 
then  you  can  transfer  the  normal  CPU  generated  address,  and  an  extraneous  ad- 
dress within  one  machine  cycle.  VM A  identifies  the  CPU  generated  address.  With- 
in the  one  machine  cycle  you  can  perform  two  Data  Bus  transfers;  the  first  is  in 
response  to  the  external  address,  while  the  second  is  in  response  to  the  CPU  ad- 
dress. Now  DBE  identifies  the  CPU  response.  This  scheme  may  be  illustrated  as 
follows: 


ft>1  (Stretched) 


<P2  (Stretched) 


~V. 


DMA  Address 


IX 


/ 


\  DMA  Data    \ 


~\ 


Normal  Address 
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From  this  conceptually  elegant  beginning,  some  very  complex  design  considera- 
tions can  arise.  These  design  considerations  are  not  discussed  in  this  book.  If  you 
are  going  to  make  use  of  clock  stretching  as  illustrated  above,  you  should  first 
study  vendor  literature  on  the  subject. 

INTERRUPT  PROCESSING,  RESET  AND  THE  WAIT  STATE 

MC6800  microcomputer  system  interrupt  logic  is  based  on  polling  rather  than 
vectoring. 

Aii  normal  interrupt  requests,  when  acknowledged,  result  in  an  indirect  addressing  Call 
to  a  single  high  memory  address  If  more  than  one  device  can  request  an  interrupt,  then 
the  basic  assumption  made  is  that  the  interrupt  service  routine  will  initially  read  the 
Status  register  contents  of  every  device  that  might  be  requesting  an  interrupt;  and  by 
testing  appropriate  status  bits,  the  interrupt  service  routine  will  determine  which  inter- 
rupt requests  are  active  If  more  than  one  interrupt  request  is  active,  interrupt  service 
routine  logic  must  decide  the  order  in  which  interrupt  requests  will  be  acknowledged 
But  be  warned:  this  type  of  polling  quickly  becomes  untenable  as  a  means  of  con 
trolling  microcomputer  systems  with  multiple  random  interrupts  If  you  have  more  than 
two  or  three  competing  external  interrupts,  the  time  taken  to  read  Status  register  con- 
tents and  arbitrate  priority  will  become  excessive  If  your  application  demands 
numerous  external  interrupts,  then  you  must  resort  to  external  hardware  which  imple- 
ments interrupt  vectoring.  We  will  describe  ways  in  which  this  can  be  done 

If  you  casually  look  at  a  description  of  MC6800  interrupt  logic,  you  may  at  first  believe 
that  some  level  of  interrupt  vectoring  is  provided.  In  reality,  that  is  not  the  case. 

The  MC6800  sets  aside  the  eight  highest  addressable  memory  locations  for  inter- 
rupt processing  purposes.  Four  16-bit  addresses  are  stored  in  these  eight  memory 
locations,  identifying  the  interrupt  service  routine's  starting  address  for  the  four 
possible  sources  of  interrupt.  This  is  how  the  eight  memory  locations  are  used: 

Store  the  starting  address  for 

an  interrupt  service  routine  to 

be  executed  following  this 
These  two  memory  locations:  interrupt  acknowledge: 

FFF8  and  FFF9  Normal  external  interrupt 

FFFA  and  FFFB  Software  interrupt 

FFFC  and  FFFD  Non-maskable  interrupt 

FFFE  and  FFFF  Reset  (or  restart) 

The  lower  address  (FFF8,  FFFA,  FFFC,  FFFE)  holds  the  high  order  byte  of  the  starting  ad- 
dress. 

In   the   event   of   simultaneous    interrupt   requests,    this   is   the 
priority  sequence  during  the  acknowledge  process: 

Highest     (1)     Restart 


MC6800 

INTERRUPT 

PRIORITIES 


(2)  Non-maskable  interrupt 

(3)  Software  interrupt 
Lowest     (4)     Normal  external  interrupt 

Only  the  lowest  priority  interrupt  is  normally  used  by  the  typical  support  device  that  is 
capable  of  requesting  interrupt  service  The  three  higher  priority  interrupt  levels  repre- 
sent special  conditions  and  cannot  be  accessed  by  the  standard  external  interrupt  re- 
quest 
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We  will  begin  our  discussion  of  MC6800  interrupt  processing  by  describing  the 
four  interrupts.  


MC6800 
NORMAL 
EXTERNAL 
INTERRUPTS 


MC6800 

SOFTWARE 

INTERRUPT 


MC6800 

SWI 

INSTRUCTION 


MC6800 

NON-MASKABLE 

INTERRUPT 


MC6800 
RESET 


The  normal  external  interrupt  request  is  the  standard  interrupt 
present  on  all  microprocessors  that  support  interrupts;  it  is 

equivalent  to  the  8080A  INT  input  In  very  simple  systems,  the  ad- 
dresses FFF8-|6  and  FFF9-JQ  may  indeed  access  real  memory  loca- 
tions; in  the  multiple  interrupt  MC6800  microcomputer  systems, 
FFF9-J  e  is  more  likely  to  select  an  8-bit  buffer  within  which  an  address  vector  is  stored 
identifying  the  interrupting  source.  This  is  essentially  how  the  MC6828  PIC  works  and 
is  equivalent  to  the  8259  PICU  operation. 

A  software  interrupt  is  initiated  by  the  execution  of  the  SWi 
instruction.  What  the  SWI  instruction  does  is  cause  the  MC6800 
to  go  through  the  complete  logic  of  an  interrupt  request  and 
acknowledge,  even  though  the  interrupting  source  is  within  the 
CPU.  Software  interrupts  are  typically  used  as  a  response  to  fatal 
errors  occurring  within  program  logic.  Whenever  your  program 
logic  encounters  a  situation  that  must  not  or  should  not  exist  the 
error  condition  is  trapped  by  executing  an  SWI  instruction;  this 
causes  a  call  to  some  general  purpose,  error  recovery  program. 

The  non-maskable  interrupt  cannot  be  disabled.  Otherwise 

it  is  identical  to  the  normal  external  interrupt  request,  Note 
that  the  8080A  has  no  non-maskable  interrupt;  however,  the 
Zilog  Z80  and  the  8085  have  incorporated  this  feature 

A  Reset  is  treated  as  the  highest  priority  interrupt  in  an  MC6800. 
How  does  the  Reset  differ  from  the  non-maskable  interrupt?  Con- 
ceptually, the  non-maskable  interrupt  is  going  to  be  triggered  by  a 
termination  condition  such  as  power  failure,  while  the  Reset  is  going  to  be  triggered 
by  an  initiating  condition  such  as  power  being  turned  on. 

There  are  some  differences  between  the  MC6800's  response  to  a  Reset  as  com- 
pared to  any  other  interrupt  request. 

Figure  8-8  illustrates  MC6800  response  to  a  normal  external  interrupt  a  software 
interrupt,  or  a  non-maskable  interrupt.  In  each  case,  the  interrupt  request  will  be 
acknowledged  upon  completion  of  an  instruction's  execution  A  normal  external  inter- 
rupt will  only  be  acknowledged  providing  interrupts  have  been  enabled. 

If  more  than  one  interrupt  request  exists,  then  the  highest  priority  interrupt  will  be 
acknowledged 

Following  the  interrupt  acknowledge,  interrupts  are  disabled  by  the  CPU,  which  then 
pushes  onto  the  Stack  the  contents  of  all  internal  registers.  This  process  is  illustrated  in 
Figure  8-8.  The  Program  Counter  is  then  loaded  with  the  appropriate  interrupt  service 
routine  starting  address,  which  will  be  fetched  from  memory  locations  FFF8iq  and 
FFF916,  FFFA16  and  FFFB^  or  FFFC^  and  FFFD16- 

Referring  to  Figure  8-8,  note  that  an  interrupt  is  acknowledged  following  the  last 
machine  cycle  for  the  instruction  during  which  the  interrupt  request  occurred.  During 
the  first  two  machine  cycles  following  the  interrupt  acknowledge,  an  instruction  fetch 
is  executed,  as  it  would  have  been  had  the  interrupt  not  occurred.  This  instruction  fetch 
is  aborted  and  will  reoccur  after  the  interrupt  service  routine  has  completed  execution 
Two  machine  cycles  are  expended  performing  this  aborted  instruction  fetch. 
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Following  the  aborted  instruction  fetch,  CPU  registers'  contents  are  pushed  onto  the 
Stack  in  the  following  order: 

•  Lower  half  of  Program  Counter 

•  Upper  half  of  Program  Counter 

•  Lower  half  of  Index  register 

•  Upper  half  of  Index  register 

•  Accumulator  A 

•  Accumulator  B 

•  Status  register 

When  the  8080A  acknowledges  an  interrupt,  if  CPU  registers'  contents  are  going  to  be 
saved  on  the  Stack,  you  must  execute  individual  instructions  to  perform  the  operations 
which  the  MC6800  performs  automatically.  The  advantage  of  the  MC6800's  scheme  is 
that  it  saves  instruction  execution  time  The  disadvantage  of  this  scheme  is  that  there 
are  occasions  when  you  do  not  need  to  bother  saving  registers'  contents. 
After  all  CPU  registers'  contents  have  been  saved  on  the  Stack,  the  next  two  machine 
cycles  are  used  to  fetch  an  address  from  the  appropriate  two  high  memory  bytes.  This 
address  is  loaded  into  the  Program  Counter,  causing  a  branch  to  the  appropriate  inter- 
rupt service  routine. 


The  MC6800 

RESET 

OPERATION 


We  will  now  examine  the  MC6800  Reset  operation. 

Figure  8-9  illustrates  Reset  timing.  First  of  all,  note  that  RESET 
must  be  held  low  for  at  least  eight  machine  cycles  to  give  the  CPU 
sufficient  response  time.  On  the  high-to-low  transition  of  RESET 
the  CPU  outputs  VMA  and  BA  low  and  R/W  is  high  On  the  subsequent  low-to-high 
transition  of  RESET,  maskable  interrupts  are  disabled,  then  the  contents  of  memory 
locations  FFFE16  and  FFFF16  are  fetched  and  loaded  into  the  Program  Counter.  If 
RESET  is  not  held  low  for  a  minimum  of  eight  machine  cycles,  then  when  RESET  is  in- 
put high  again,  indeterminate  program  execution  may  follow. 

It  is  absolutely  vital  that  the  RESET  rise  time  is  less  than  100  nanoseconds  on  the 
low  to-high  transition  of  RESET. 

We  stated  that  the  difference  between  a  Reset  and  a  non-maskable  interrupt  is  that  the 
Reset  represents  initiation  conditions.  This  is  illustrated  in  Figure  8-9,  which  includes 
the  power  supply  level  The  MC6800  will  automatically  trigger  a  Reset  when  power  in- 
creases above  +4.75  volts;  this  is  in  response  to  the  normal  powering  up  sequenceThe 
fact  that  Reset  represents  initiation  conditions  also  explains  why  no  CPU  registers'  con- 
tents are  saved,  as  occurs  with  any  other  interrupt  Clearly,  if  we  are  initiating  opera- 
tions, there  can  be  no  prior  registers'  contents  to  be  saved.  Therefore  pushing  registers' 
contents  on  the  Stack  would  be  pointless  and  impossible:  it  would  be  pointless 
because  there  is  nothing  to  save;  it  would  be  impossible  because  when  powering  up 
we  have  no  idea  what  the  Stack  Pointer  contains. 


MC6800 
RESET 
DURING 
POWER  UP 


Powering  up  an  MC6800  microcomputer  system  represents  a 
special  Reset  case.  Those  MC6800  microcomputer  system 
devices  that  have  an  external  Reset  input  control,  expect  this  con- 
trol to  be  held  low  while  power  is  being  turned  on  for  the  first  eight 
clock  cycles  following  power-up.  When  designing  Reset  logic  be 
sure  to  keep  this  in  mind. 
MC6800  configurations  using  8080A  support  devices  are  easy  to  design  and  commonly 
seen  Necessary  system  bus  logic  is  described  later  in  this  chapter.  But  if  you  have  such 
a  mixed  configuration,  be  sure  to  satisfy  the  separate  and  distinct  Reset  requirements  of 
the  MC6800  CPU  as  against  the  8080A  support  devices 
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We  complete  our  discussion  of  the  MC6800  interrupt  logic 
with  a  discussion  of  the  WAI  instruction,  which  puts  the 
MC6800  into  a  "Wait-for-interrupt"  state. 


MC6800 
WAIT  STATE 


MC6800 

WAI 

INSTP    LTTION 


A  WAI  instruction  is  executed  when  the  CPU  has  nothing 

to  do  except  wait  for  an  interrupt.  Rather  than  pushing 

registers'   contents  onto  the  Stack  following   the   interrupt 

acknowledge,  as  illustrated  in  Figure  8-8,  the  WA!  instruction 

pushes  registers'  contents  onto  the  Stack  while  waiting  for  the  interrupt,  as  illustrated 

in  Figure  8-10.  Thus  some  execution  time  is  saved. 

Once  ail  registers'  contents  have  been  pushed  onto  the  Stack,  the  MC6800  floats  the 
System  Bus  in  the  Wait  state. 

This   gives   rise  to   another  frequent  use   of  the  WAI    instruction:  block  data 
transfers  under  DMA  control. 

Consider  again  the  sequence  of  events  which  follows  the  WAI  in- 
struction execution: 


MC6800 
USE  OF 
WAIT  FOR 
DMA 


1)  All  registers'  contents  are  pushed  onto  the  Stack, 

2)  The  System  Bus  is  floated. 

This  is  very  convenient  if  you  are  going  to  transfer  a  large  block  of  data  via  DMA, 
because  you  will  announce  the  end  of  the  DMA  transfer  with  an  interrupt  request.  This 
method  of  handling  block  DMA  transfers  has  been  discussed  in  Volume  I.  Now  when 
using  an  MC6800  microcomputer  system:  all  you  need  to  do  is  initiate  the  actual  DMA 
transfer  by  executing  a  WAI  instruction,  knowing  that  once  the  DMA  transfer  has  been 
completed,  an  interrupt  will  be  requested  and  program  execution  can  continue. 

THE  MC6800  INSTRUCTION  SET 

Table  8-1  summarizes  the  MC6800  instruction  set;  this  instruction  set  is  charac- 
terized by  a  heavy  use  of  read/write  memory  and  a  rich  variety  of  instructions  that  are 
able  to  manipulate  the  contents  of  memory  locations  as  though  they  were  programma- 
ble registers.  Whereas  the  primary  memory  reference  instructions  offer  base  page 
direct  addressing,  extended  direct  addressing  or  indexed  addressing,  secondary  memo- 
ry reference  instructions  offer  extended  direct  addressing  and  indexed  addressing  only 
This  simply  means  that  secondary  memory  reference  instructions  use  three-byte  direct 
addressing  even  when  a  base  page  byte  must  be  accessed. 

Of  the  microcomputers  described  in  this  chapter,  the  MC6800  has  one  of  the 
largest  varieties  of  Branch-on-Condition  instructions.  Note  that  these  and  the  un- 
conditional Branch  instructions  are  the  only  MC6800  instructions  which  use  program 
relative  direct  addressing.  , 

When  comparing  the  MC6800  and  8080A  instruction  sets,  the  conclusion  we  must 
draw  is  that  the  MC6800  is  going  to  have  to  rely  on  a  large  number  of  memory 
reference  instructions  You  are  going  to  have  to  set  up  programs  with  this  in  mind.  As  a 
result,  relatively  simple  programs  will  make  the  MC6800  look  better  than  the  8080A, 
because  the  MC6800  has  such  a  diverse  variety  of  memory  reference  instructions^  The 
moment  a  program  starts  to  become  complicated,  the  large  number  of  8080A  registers 
is  quickly  going  to  become  an  advantage,  since  the  MC6800  will  be  forced  to  execute 
memory  reference  instructions  where  the  8080A  can  use  register-register  instructions. 
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The  SWI  and  WAI  instructions  within  the  interrupt  instruction  group  are  relatively 
unusual  within  microcomputer  systems. 

The  SWI  instruction  initiates  a  normal  interrupt  sequence,  taking  the  interrupt  service 
routine's  starting  address  from  memory  locations  FFFA-jg  and  FFFB-J6, 

The  WAI  instruction  prepares  for  an  interrupt  by  saving  the  contents  of  all  registers  and 
status  on  the  Stack,  the  System  Bus  is  then  floated  while  the  CPU  waits  for  an  interrupt 
request  to  occur. 

We  have  described  both  the  SWI  and  WAI  instructions  in  some  detail  earlier  in 
this  chapter. 

The  one  set  of  instructions  which  are  missing,  and  which  would  greatly  enhance  the 
MC6800  instruction  set,  are  instructions  that  move  data  between  the  Accumulator  and 
the  Index  register,  or  allow  Accumulator  contents  to  be  added  to  the  Index  register. 

THE  BENCHMARK  PROGRAM 

The  benchmark  program  is  coded  for  the  MC6800  as  follows: 

STS  SSP  SAVE  STACK  POINTER  CONTENTS  IN  MEMORY 

LDX  #TABLE       LOAD  TABLE  BASE  ADDRESS  INTO  INDEX  REGISTER 

LOAD  ADDRESS  OF  FIRST  FREE  TABLE  BYTE 
LOAD  I/O  BUFFER  STARTING  ADDRESS 
LOAD  NEXT  BYTE  INTO  A 
STORE  IN  NEXT  FREE  TABLE  BYTE 
INCREMENT  INDEX  REGISTER 
DECREMENT  I/O  BYTE  COUNT  IN  MEMORY 
RETURN  FOR  MORE  BYTES 

STORE  NEW  ADDRESS  FOR  FIRST  FREE  TABLE  BYTE 
RELOAD  STACK  POINTER 

The  memory  initialization  for  the  MC6800  interpretation  of  the  benchmark  program  is 
identical  to  the  memory  initialization  for  the  8080A  benchmark  program.  The  MC6800 
assumes  that  there  is  some  memory  location  in  which  the  current  real  Stack  address 
can  be  stored,  so  that  the  Stack  Pointer  may  be  used  as  a  Data  Counter. 

In  Table  8-1,  symbols  are  used  as  follows: 

ACX  Either  Accumulator  A  or  Accumulator  B 

The  registers: 


LDX 

O.X 

LDS 

#IOBUF 

PULL 

A 

STAA 

o,x 

INX 

DEC 

IOC  NT 

BNE 

LOOP 

STX 

TABLE 

LDS 

SSP 

A.B 

Accumulator 

X 

Index  register 

PC 

Program  Counter 

SP 

Stack  Pointer 

SR 

Status  register 

Statuses  shown: 

C 

Carry  status 

Z 

Zero  status 

S 

Sign  status 

0 

Overflow  status 

I 

Interrupt  status 

AC 

Auxiliary  Carry  status 

Symbols  in  the  STATUSES  column. 

(blari 

k}      operation  does  not  affect  status 

X 

operation  affects  status 

0 

flag  is  cleared  by  the  operation 

1 

flag  is  set  by  the  operation 
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ADR8 

ADR16 

B2 

B3 

DATA 

DATA16 

DISP 

xx(HI) 

xx(LO) 

C  1 

[[  ]] 

[MEM] 


[M] 


A 
V 
■V- 


An  8-bit  (1-hyte)  quantity  which  may  be  used  to  directly  address  the  first 

256  locations  in  memory,  or  may  be  an  8-bit  unsigned  displacement  to  be 

added  to  the  Index  register. 

A  16-bit  memory  address 

Instruction  Byte  2 

Instruction  Byte  3 

An  8-bit  binary  data  unit 

A  16-bit  binary  data  unit 

An  8-bit  signed  binary  address  displacement 

The  high  order  8  bits  of  the  16-bit  quantity  xx;  for  example,  SP(HI)  means 
bits  15  -  8  of  the  Stack  Pointer 

The  low  order  8  bits  of  the  16-bit  quantity  xx;  for  example,  PC(LO)  means 
bits  7  -  0  of  the  Program  Counter. 
Contents  of  location  enclosed  within  brackets. 

Implied  memory  addressing;  the  contents  of  the  memory  location  desig- 
nated by  the  contents  of  a  register. 

Symbol  for  memory  location  indicated  by  base  page  direct,  extended 
direct  or  indexed  addressing. 
That  is: 

[MEM]  =  [ADR8] 
or 

[ADR163 
or 

[[X3+ADR8] 

Symbol  for  memory  location  indicated  by  extended  direct  or  indexed  ad- 
dressing, That  is: 

[M]  =  [ADR16] 
or 

f[X]+ADR8] 
Logical  AND 
Logical  OR 
Logical  Exclusive-OR 
Data  is  transferred  in  the  direction  of  the  arrow. 


8-22 


o 
o 

CO 
CO 
U 


E 
E 

CO 

< 


5 

c 

T> 

CD 

vi 

"8 

c 

* 

~         2 


X  1  5 

S3  ! 


:- 1 

2  o 


<T 


1    a, 


—      0) 


£  S  ^3   ,i   i 


I  8 


to 


■  3*1 


+    » 
ui 

m    1     ••$ 

ill 

8  m    = 

«    *— '     Q) 

2~  .£ 

*-  S    o     . 

X    (u    Q.    ID 

IS  -s  * 

—    s     2  -Q 

l53£ 


1  I 


s  &  » 

?  «  Q- 

X  £    j* 

I  °  « 

£  II 


c         ti 


°°  <  S 


5 
<  5 


S<3 

2  15;-? 

+       3      + 

x  i  s< 

<  <  <  . 

1    2   I 

x  ?  ;R 

< 


<     *  = 


|  2 
<  4> 


sy    "D    *■•    ^O    s*»    ™ 


E         E 

3    i— «      3 

g5  8  s  £ x 
<  ^  <  £  I  o 

i  <  "i  "  « JL 
alii JI 


E„   * 

3S< 

f  si 

591 

UJ  if   O 


3 

5 


OJ    CO     CM    CO     CM     CO 


COcsICOcMCOCMCOCxJCO 


oc  oc  cc  cc 


X    X    X    X    OC    DC 


w~  CO 


ococncoctEKCcococccgcgcoctt 
OOOOQQQQOQQQQ 


X   X   X   X   X   X   X 

o    O   O   O   O   U   " 


<<<<<<< 
X  X  X  x  x'  x~  X 
o  o  a  o  o  o  o 
<<<<<<< 


<  <  <  <  < 


3    S 


g    3 


O/l  aNV  aON3H3^3H 
AUOW3W  AUVWIUd 


(3±VU3dO  AU0W3W) 
33N3d3d3d  AUOW3IAI  AUVQIMOD3S 


8-23 


S     2 


o 
o 

00 


< 


f    +    S    g, 

I  g  s  i 

§  2  I   § 


m    c  uj  «♦=  „j 

— '      (J    •—      fc    w 


b    £ 


■S  I  * 

o  -£-  ® 

o  c  w 

o  g  a 

i  1 1 

E  £•  « 

o  E  § 

a  ft 

_  c  a) 


ft 


E  It 


_  <  _ 
X     |    X 

<  J=  < 


£  5 


1=  &  s 


u   tJ  s  < 


.  E  „ 
El5 

T 

5 


£  8    £    s  2 


s  s  r 


a 


r-       j:     i  ^ 

f  ilf 


N   n  n   n     Nn        n   n   n   n   n   n         cm   co         oj   co 


CD      Sffl      r- 

cc  <r  oc  oc 

Q   Q   Q   O 

<<<<»£         co  £   co   £   co  £ 

Xxxxoccc  OCOCOCDCCCOC 

uuuoQO       a  a  a  a  a  a 
<<<<<<       <<<<<< 


aanNiiNoo 

{31VU3dO  AUOIAI3W)  30N3U3J3M  AUOW3W  AHVCIN003S 


-24 


o 
o 

CD 
CD 

o 


i 


1 


si 


&  IT 


8  S 

5* 


"  JO 


~    8  « 
2    5   Bl 

m   "5  — 


si 

o    o 

1 


I'll' 


•— ■  -a    I 


X    5 

q    Q 


■S  =  "S  ?  "S 


=   «  x 

J  pi 

s?    -1    rn 


<      « 


t! 


*         o 

e     < 

o         E 

°  2r      3 

Ifif 

>C     .2!     ^ 

*!<t 

I  .1  !  -6 

v    X)    v    Q 


X    .«   X   .2   x   £ 
O    T)    O    "O    o    IS 


00  t- 

oc.  cc 

Q  Q 

<  < 


OC  oc 
O  Q 
<    < 


<       x       to 

3      3      3 


Q  U  O 


9     5     6 


aanNixNoa  oivasdo  xaowaw) 

30N3H3J3U  AUOW3W  AUVON033S 


3XVU3dO  31VIC13IAIWI 


8-25 


"O 

z 

CD 

o 

D 

J_ 

C 

< 

DC 

c 
o 
u 

Ui 
a. 
O 

o 
o 

CD 
CD 
O 


o 

> 

CO 

E 
E 


s  < 
S  IB 

<     «    < 

?  Sr 


> 

E 

< 

( > 

CD 

o 

00 

m 

o 

1* 

is 

1 

2 

< 

D 

b 

o 

< 

1- 

1 

§ 

CO 
CD 

E  > 

* 

' 

"O 

1 

T3 

X 

■o 

a:  X 

X 

1- 

X 

F 

b 

9$ 

■5 

3 

E 

< 

.1 

CM 
CD 

k 

£     1 

h 

u 

3    JL 

E 

1 

1 

2 

_„'_ 

a 
E 

o    X 

O 

X 

XI 

X 

£3 

*>% 

< 

w 

< 

GO 

X 

o 

CO     m 

m  "8 

1       ? 

Ox 
0) 


Q       -    x    O    Q      -    o    r\ 


5     Jo 


<  « 


II 


o  z; 

8    i 


°  "   +    ° 


<  ™  .g  ci  «  ™  .o   + 

5   !    STjT  2^ 


T  5   o.  JL  T  c? 

JL  i  e  g  JL  i 
k?  se  ^  g  k  *. 


e  X 


m 

a. 

rii 

GO 

a 

.a 

O 

£1 

CD 

2 

+ 

to 

g 

t5 

£ 

o 

c 

i 

c 

o 

| 

o 

a. 

D 

vy 

tt 

3 

(QaONIlNOO) 

axvaado  axviaaiAJwii 


8-26 


o 
o 


o   ■£    «    c    «  ' 
_     .      i_    ra     w 

«   a  2  £   2 


£  £   E 


<5    to     Er  «   ~    to    S=    = 

o    o     q>    -£    m   x:    da    x:°  -£ 


a.    h-  *.   h- 


U    m   co   cd 


5  5  5 

CT  O  JS 

^  (D  0)      <2 

o  >  >  .3 

c  o  o    a 


£   -    £    £ 


—   —   ■ —   —*    c     c 


o 

O 
00 

CO 

o 


0 

0 

O 

O 

r. 

«- 

nj 

P    5 

51 

(0 

* 

* 

CD 

CD    fD 

DO 

CO 

0 

CO 

N 

CO 

N 

O 

,- 

O    O 

— 

0 

* 

> 

> 

> 

> 

* 

co 

N 

O 

N 

O 

CO 

CO 

IM    O 

O 

CO 

NNWMNNIMNN 


1  g  i  cS  JL  §  1  s 


*r  c 


8  «    ai    2 
<  <  u  < 


o_  a.  q.  a.  o.  a.  a. 


a.  a.  a.  a.  a.  a. 


cococococotococococococococo 

QQQQOQOlQaQD 


(IlllhrliJWhc 

moominfliiiiiriai 


ui  u   (O   J 


NCIJLIQN03  NO  H0NVU8 


3A0I/U 
B31SI03U  H31SI93H 


31VU3dO 
H31SI93H 
U3±SI93H 


8-27 


8S     3 

JK  E     co 


>.  c    a 


c  o 

CD    00 

E 


O    X) 

E  m 


-2         o    g> 


o         ™ 


5 

o 

t 


o 
o 

CO 
CD 


o        S    ?    »   o 

<    §1  §  * 

•*-  ^    ©    t>    a 


a>   O 

£   < 


5    » 
O    2 

2    £   ' 


<    S 


8  §|<  §  8 

i  <  T  *  i 

x  S  x 


3  " 

.1  x 

ft:  o 

.   IS  < 


S>?    E 


5  6  , 


g  1 


E  01    1  '  ' 


I     E    8  *    E  V   E 

;  j  c  i    g   j    g 


C/D 

< 


<     &         2     ffi     y         x.     co 

O  Q  Q  Q  S  Z  Z 


3±VU3dO  H31SID3H 


8-28 


o 
o 

00 
CD 
U 


Si 

c 

£ 

_*                                           0) 

(0                                           = 

00                               £ 

1             co        oo 

O 

o 

O                     U                      oj 

* 

> 

*         *>          i 

"°                         O               P 

a 

oo 

00 

CO                    CO                      5 

!                1                ; 

"D                        2     CM      | 

g                 E~    1 

m 

O 

o 

o                O                 g 

O                         4=     yj     ^ 

S 

D> 

Jk           ^  -*  £ 

oc 

a> 

CO                                   ro 

O 

c 

*.                 o   i    -^ 

LL 
UJ 

z 

o 

1c~ 

0  _^ 

1  D) 

1 

El  s  Ji     * 

°      <fc  J 

o                   -    ~    00 
O                   ffl   "     o 

o              E   +    o 

< 

cc 

■       ;              =3 

2 

o 

o 

jl     « 

"               JC 

CD 
O             O 

CQ                       o     L      r 

o   00    c 

O                  <   w     o 

UJ 

0. 

O 

o 

0) 

IF1  :     - 

<          =  Y  Z 

5            a-  °- 

X     w 

o                          w         .2 

1          =  3  | 

u    ~ 

W                3 

e                 ffl    U 

o 

<  o 

a     s 

-        1 

§                       0j     0-      (B 

< 

if         r 

+-                     CO              o 

a>                          < 

I*        1    1 

-1   ,   |  5I 

1  ¥  •  8  s 

8             .E  "   £ 
Z.              a.  -    o 

°      „  iS  +  "S 

fj     ,     c    +   a.   &  co    c 

V  w    o  w  V    J)        *• 

Jii 

f           Err-         E       f      .2  ~    - 

el    -s  f  r       c     *     o  o  .£ 

_ 

O 

w 

< 

UJ 

O 

X 

X 

X                     X           O 

< 

(A 

X 

X 

x                ox 

h- 

to 

N 

X 

X 

X                     XX 

U 

X 

X 

X                     X           O 

co 

UJ 

h- 

> 

CO 

CO 

o 

z 

X 

X 

X                     x            >< 

X                X 

< 

a 

o 

o                o         cj 

u            a 

DC 

< 

< 

<              <        < 

<            < 

UJ 

0. 

O 

- 

o 

cc 

_J 

OC                         0C              H 

x            -«             w 

5 

UJ 

o 

GO 

< 

w                 w         to 
<               -1        h- 

2         2          fe 

Z 

2 

UJ 

a. 
>. 

laanNi 

JLN00)  31 V 

fcjado  aaisioaw 

)I0V1S 

H 

8-29 


o 
o 

00 
CO 

o 


E 


„.  „•  ;  +  +  ^ 


0  g    - 

1  O    1   ( 


5SiffTT5^  =  TTTTTT&7:t8.s 
fTsgilTlssasSssTfSil 


8-30 


"D 

z 

CD 

o 

=3 
C 

5 

oc 

c 

Ui 

o 

0. 

u 

O 

o 
o 

00 
CD 
O 


E 
E 

D 
GO 

< 


Ik 


IS 


I  5 


2? 


5JQ|     .       r-; 
H  Q  i  i  "  "  c 

^K    X     X    <    CD    tO    ^ 

agisters  onto  £ 
ed,  a  non-ma 
errupt  occurs 

I     «-   ot    n   «*    in   co  "7* 

£^    ,-i,    A     A    rm    r-!i    fA      1 

3     X     ? 

Q.Q.Q.     0.    O.    0.    0.    r 

w  w  tn   w  w  to  W  g: 

£    S  ■£ 

-         6    i 

to    T-     _      V 


I    o 


A  1 

O 


A    |     I 


o        —        — 


(aanNixNOO)  ldnuuaiNi 


8-31 


MC6800  SUMMARY  OF  CYCLE  BY  CYCLE  OPERATION 

This  table  provides  a  detailed  description  of  the  information  present  on  the  Address 
Bus,  Data  Bus,  Valid  Memory  Address  line  (VMA),  and  the  Read/Write  line  (HAN)  durinq 
each  cycle  for  each  instruction 

This  information  is  useful  in  comparing  actual  with  expected  results  during  debug  of 
both  software  and  hardware  as  the  control  program  is  executed.  The  information  is 
categorized  in  groups  according  to  Addressing  Mode  and  Number  of  Cycles  per  instruc- 
tion. (In  general,  instructions  with  the  same  Addressing  Mode  and  Number  of  Cycles 
execute  in  the  same  manner,  exceptions  are  indicated  in  the  table ) 

Table  8-2.  Operation  Summary 


ADDRESS  MODE 

AND 
INSTRUCTIONS 

V) 

Ui 

o 

>- 
o 

LU 

o 

<  LU 

5? 
>  -i 

ADDRESS  BUS 

DATA  BUS 

IMMEDIATE                                                                                                                                                                                  " 

ADC    EOR 
ADD    tDA 
AND   ORA 
BIT      SBC 
CMP    SUB 

2 

i 

2 

Op  Code  Address 
Op  Code  Address  +  1 

Op  Code 
Operand  Data 

CPX 
LDS 
LDX 

3 

1 
2 
3 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 

Opcode 

Operand  Data  {High  Order  Byte) 

Operand  Data  (Low  Order  Bvtal 

DIRECT 

ADC    EOR 
ADD    LDA 
AND    ORA 
BIT      SBC 
CMP    SUB 

3 

1 
2 
3 

Op  Code  Address 
Op  Code  Address  +  1 
Address  of  Operand 

OpCode 

Address  of  Operand 

Operand  Data 

CPX 
LDS 
LDX 

4 

t 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
Address  of  Operand 
Operand  Address  +  1 

OpCode 

Address  of  Operand 

Operand  Data  (High  Order  Byte) 

Operand  Data  (Low  Order  Byte) 

STA 

4 

1 
2 
3 

4 

Op  Code  Address 
Op  Code  Address  +  1 
Destination  Address 
Destination  Address 

Op  Code 

Destination  Address 
Irrelevant  Data  (Note  1) 
Data  from  Accumulator 

STS 
STX 

5 

1 
2 
3 
4 
5 

Op  Code  Address 
Op  Code  Address  +  1 
Address  of  Operand 
Address  of  Operand 
Address  of  Operand  +  1 

0 
0 

Op  Code 

Address  of  Operand 
Irrelevant  Data  (Note  1) 
Register  Data  (High  Order  Byte) 
Register  Data  (Low  Order  BvteJ 

INDEXED                                                                                                                                                                                             1 

JMP 

4 

1 
2 
3 
4 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Op  Code                                                    J 

Offset 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1) 

ADC    EOR 
ADD    LDA 
AND    ORA 
BIT      SBC 
CMP     SUB 

5 

1 
2 
3 
4 

5 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Index  Register  Plus  Offset 

Op  Code 

Offset 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1) 

Operand  Data 

CPX 
LDS 
LDX 

6 

1 
2 
3 
4 
5 
6 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset  +  1 

Op  Code 

Offset 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1 ) 

Operand  Data  (High  Order  Byte) 

Operand  Data  (Low  Order  Svte) 
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Table  8-2.  Operation  Summary  (Continued) 


ADDRESS  MODE 

AND 
INSTRUCTIONS 

UJ 

-J 
O 

> 

UJ 

u 

4  iU 

>  ~i 

ADDRESS  BUS 

DATA  BUS 

INDEXED  {CONTINUED) 

STA 

6 

1 

2 
3 
4 
S 
6 

1 
1 

0 
0 
0 

1 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset 

Op  Code 

Offset 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1) 

Operand  Data 

ASL    LSR 

ASR    NEG 

CLR    ROL 

COM   ROR 
DEC    JST 

INC 

7 

1 
2 
3 
4 
5 
6 
7 

1 
1 

0 
0 

1 

0 

1/0 

(Note 

3) 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset 

Op  Code 

Offset 

Irrelevant  Data  (Note  1 ) 

Irrelevant  Data  (Note  1 ) 

Current  Operand  Data 

Irrelevant  Data  (Note  1) 

New  Operand  Data  (Note  3) 

STS 
STX 

7 

1 
2 
3 
4 
5 
6 
7 

1 
1 
0 
0 
0 
1 
1 

Op  Code  Address 

Op  Code  Address  +  1 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset 

Index  Register  Plus  Offset  +  1 

Op  Code 

Offset 

Irrelevant  Data  (Note  1 ) 

Irrelevant  Data  (Note  1 ) 

Irrelevant  Data  (Note  1) 

Operand  Data  (High  Order  Byte) 

Operand  Data  (Low  Order  Byte) 

JSR 

8 

1 
2 
3 
4 
5 
6 
7 
B 

1 
1 
0 

1 
1 

0 
0 
0 

Op  Code  Address 

Op-Code  Address  +  1 

Index  Register 

Stack  Pointer 

Stack  Pointer  -  1 

Stack  Pointer  -  2 

Index  Register 

Index  Register  Plus  Offset  (w/o  Carry) 

Op  Code 

Offset 

Irrelevant  Data  (Note  1) 

Return  Address  (Low  Order  Byte) 

Return  Address  (High  Order  Byte) 

Irrelevant  Data  (Note  1 ) 

Irrelevant  Data  (Note  1 ) 

Irrelevant  Data  (Note  1) 

EXTENDED 

MP 

3 

1 
2 
3 

Op  Code  Address 
Op  Code  Address  +■  1 
Op  Code  Address  +  2 

Op  Code 

Jump  Address  (High  Order  Byte) 

Jump  Address  (Low  Order  Byte) 

ADC    EOR 
ADD    LDA 
AND    ORA 
BIT      S8C 
CMP    SUB 

4 

1 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 
Address  of  Operand 

Op  Code 

Address  of  Operand  (High  Order  Byte) 
Address  of  Operand  (Low  Order  Byte) 
Operand  Data 

CPX 
LDS 
LDX 

5 

1 
2 
3 
4 
5 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 
Address  of  Operand 
Address  of  Operand  +  1 

Op  Code 

Address  of  Operand  (High  Order  Byte) 
Address  of  Operand  (Low  Order  Byte) 
Operand  Data  (High  Order  Byte) 
Operand  Data  (Low  Order  Byte) 

STA  A 
STAB 

5 

1 
2 
3 

4 
5 

Op  Code  Address 
Op  Code  Address  +  1 
OpXode  Address  +  2 
Operand  Destination  Address 
Operand  Destination  Address 

Op  Code 

Destination  Address  (High  Order  Byte) 

Destination  Address  (Low  Order  Byte) 

Irrelevant  Data  (Note  1) 

Data  from  Accumulator 

ASL     LSR 
ASR    NEG 
CLR    ROL 
COM    ROR 
DEC    TST 
INC 

6 

1 
2 
3 
4 
5 
6 

0 

1/0 

(Note 

3) 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 
Address  of  Operand 
Address  of  Operand 
Address  of  Operand 

0 

Opcode 

Address  of  Operand  (High  Order  Byte) 

Address  of  Operand  (Low  Order  Byte) 

Current  Operand  Data 

Irrelevant  Data  (Nate  1 ) 

New  Operand  Data  (Note  3) 
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Table  8-2.  Operation  Summary  (Continued) 


ADDRESS  MODE 
AND 

W 
UJ 

O 
> 

UJ 

>.  2 

<  UJ 
>  -1 

ADDRESS  BUS 

zx 

DATA  BUS 

INSTRUCTIONS 

O 

or  u 

EXTENDED  (CON7 

INUED 

) 

STS 
STX 

6 

1 
2 
3 
4 
5 
6 

1 
1 
t 
0 

1 
1 

op  code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 
Address  of  Operand 
Address  of  Operand 
Address  of  Operand  +  1 

t 
i 

1 
1 

0 
0 

OpCode 

Address  of  Operand  (High  Order  Byte) 

Address  of  Operand  (Low  Order  Byte) 

Irrelevant  Data  (Note  1 ) 

Operand  Data  (High  Order  Byte) 

JSR 

1 
2 
3 
4 

1 
1 
1 

1 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 
Subroutine  Starting  Address 

1 
1 
1 
1 

Op  Code 

Address  of  Subroutine  (High  Order  Byte 
Address  of  Subroutine  (Low  Order  Byte! 
Op  Code  of  Next  Instruction 

9 

5 
6 
7 
8 
9 

1 
1 
0 
0 

1 

Stock  Pointer 
StBck  Pointer  ~  1 
Stack  Pointer-  2 
Op  Code  Address  +  2 
Op  Code  Address  +  2 

0 
0 

1 

1 
1 

Return  Address  (Low  Order  Byte) 

Return  Address  (High  Order  Byte) 

Irrelevant  Data  (Note  1) 

Irrelevant  Data  (Note  1 ) 

Address  of  Subroutine  (Low  Order  Bvte) 

REGISTER-REGIST 

ER 

ABA    DAA    SEC 
ASL     DEC    SEI 

2 

1 

1 

Op  Code  Address 

1 

Op  Code 

ASR     INC      SEV 

2 

1 

Op  Code  Address  +  1 

1 

Op  Code  of  Next  Instruction 

CBA     LSR     TAB 

CLC     NEG    TAP 

CLI      NOP    TBA 

CLR     ROL    TPA 

CLV     ROR    TST 

COM    SBA 

DES 
DEX 

1 

Op  Code  Address 

OpCode 

INS 

4 

2 

Op  Code  Address  +  1 

Op  Code  of  Next  Instruction 

INX 

3 
4 

0 

Previous  Register  Contents 
New  Register  Contents 

Irrelevant  Data  (Note  1 ) 
Irrelevant  Data  (Note  1 ) 

PSH 

4 

1 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
Stack  Pointer 
Stack  Pointer  -  t 

Op  Code 

Op  Code  of  Next  Instruction 
Accumulator  Data 
Accumulator  Data 

PUL 

4 

1 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
Stack  Pointer 
Stack  Pointer  +  1 

Op  Code 

Op  Code  of  Next  Instruction 
irrelevant  Data  (Note  1) 
Operand  Data  from  Stack 

TSX 

4 

1 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
Stack  Pointer 
New  Index  Register 

Op  Code 

Op  Code  of  Next  Instruction 
Irrelevant  Data  (Note  1) 
irrelevant  Data  (Note  t) 

TXS 

4 

1 
2 
3 
4 

Op  Code  Address 
Op  Code  Address  +  1 
index  Register 
New  Stack  Pointer 

Op  Code 

Op  Code  of  Next  Instruction 

Irrelevant  Data 

Irrelevant  Data 

RTS 

5 

1 
2 
3 

4 

Op  Code  Address 
Op  Code  Address  +  1 
Stack  Pointer 
Stack  Pointer  +  1 

Op  Code 

Irrelevant  Data  (Note  2) 

Irrelevant  Data  (Note  1) 

Address  of  Next  instruction  (High 
Order  Byte) 

5 

Stack  Pointer  +  2 

_^. 

1          Address  of  Next  Instruction  (Low 
Order  Byte} 

0 

s 

B 
0 
R 

h 
E 

V 
0 
L 
U 

M 
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Table  8-2    Operation  Summary  (Continued) 


ADDRESS  MODE 

AND 
INSTRUCTIONS 

CO 
LU 

_l 
O 
> 

1X1 

u 

<  LU 

ADDRESS  BUS 

ten 

DATA  BUS 

REGISTER  REGISTER  (CONTINUED) 

WAI 

1 

2 

1 
1 

Op  Code  Address 
Op  Code  Address  +  1 

1 

i 

Op  Code 

Op  Code  of  Next  Instruction 

3 

1 

Stack  Pointer 

0 

Return  Address  (Low  Order  Byte) 

4 

i 

Stack  Pointer  -  1 

0 

Return  Address  (High  Order  Byte) 

9 

5 

1 

Stack  Pointer  —  2 

0 

Index  Register  (Low  Order  Byte) 

6 

1 

Stack  Pointer  ~  3 

0 

Index  Register  (High  Order  Byte) 

7 

1 

Stack  Pointer  -  4 

0 

Contents  of  Accumulator  A 

8 

1 

Stack  Pointer  -  5 

0 

Contents  of  Accumulator  B 

9 

1 

Stack  Pointer  -  6  (Note  4) 

1 

Contents  of  Cond.  Code  Register 

RTI 

1 
2 

1 

1 

Op  Code  Address 
Op  Code  Address  +  1 

1 
1 

Op  Code 

Irrelevant  Data  (Note  2) 

3 

0 

Stack  Pointer 

1 

Irrelevant  Data  (Note  1 ) 

4 

1 

Stack  Pointer  +  1 

1 

Contents  of  Cond.  Code  Register  from 
Stack 

10 

5 
6 
7 

8 

9 

10 

1 
1 

i 

1 

1 
1 

Stack  Pointer  +  2 
Stack  Pointer  +  3 
Stack  Pointer  +  4 

Stack  Pointer  +  5 

Stack  Pointer  +  6 

Stack  Pointer  +  7 

1 

1 
1 

1 

1 

Contents  of  Accumulator  B  from  Stack 

Contents  of  Accumulator  A  from  Stack 

Index  Register  from  Stack  (High  Order 

Byte) 

Index  Registerfrom  Stack  (Low  Order 

Byte) 

Next  Instruction  Address  from  Stack 

(High  Order  Byte) 

Next  Instruction  Address  from  Stack 

(Low  Order  Byte) 

SWI 

1 
2 

1 
1 

Op  Code  Address 
Op  Code  Address  +  1 

1 

1 

Op  Code 

Irrelevant  Data  (Note  1) 

3 

1 

Stack  Pointer 

0 

Return  Address  (Low  Order  Byte) 

4 

1 

Stack  Pointer  -  1 

0 

Return  Address  (High  Order  Byte) 

5 

1 

Stack  Pointer  -  2 

0 

Index  Register  (Low  Order  Byte) 

6 

1 

Stack  Pointer  -  3 

0 

Index  Register  (High  Order  Byte) 

7 

1 

Stack  Pointer  -  4 

0 

Contents  of  Accumulator  A 

8 

1 

Stack  Pointer  -  5 

0 

Contents  of  Accumulator  B 

9 

1 

Stack  Pointer  -  6 

0 

Contents  of  Cond.  Code  Register 

10 

0 

Stack  Pointer  -  7 

1 

Irrelevant  Data  (Note  1 ) 

11 

1 ' 

Vector  Address  FFFA  (Hex) 

1 

Address  of  Subroutine  (High  Order 
Byte) 

12 

1 

Vector  Address  FFFB  (Hex) 

1 

Address  of  Subroutine  (Low  Order 
Byte) 

RELATIVE 

8CC     BHI      BNE 
BCS     BLE     BPL 
BEQ     BLS     BRA 
BGE     BLT     BVC 

4 

1 

2' 

3 

1 
1 

0 

Op  Code  Address 
Op  Code  Address  +  1 
Op  Code  Address  +  2 

1 
1 

1 

Op  Code 
Branch  Offset 
Irrelevant  Data  (Note  1) 

BGT     BMI      BVS 

4 

0 

Branch  Address 

1 

Irrelevant  Data  (Note  1) 

BSR 

1 
2 

1 

1 

Op  Code  Address 
Op  Code  Address  +  1 

1 
1 

Op  Code 
Branch  Offset 

3 

0 

Return  Address  of  Main  Program. 

1 

Irrelevant  Data  (Note  1) 

4 

1 

Stack  Pointer 

0 

Return  Address  (Low  Order  Byte) 

5 

1 

Stack  Pointer  —  1 

0 

Return  Address  (High  Order  Byte)               1 

6 

0 

Stack  Pointer  -  2 

1 

Irrelevant  Data  (Note  1)                                1 

7 

0 

Return  Address  of  Main  Program 

1 

Irrelevant  Data  (Note  1)                                1 

8 

0 

Subroutine  Address 

1 

Irrelevant  Data  (Note  1 )                                | 

Note  1 .      If  device  which  is  addressed  during  this  cycle  uses  VMA,  then  the  Data  Bus  will  go  to  the  high  impedance  three-state  condition. 

Depending  on  bus  capacitance,  data  from  the  previous  cycle  may  be  retained  on  the  Data  Bus. 
Note  2,     Data  is  ignored  by  the  MPU. 
Note  3.      For  TST,  VMA  =  0  and  Operand  data  does  not  change.  • 

Note  4.     While  the  MPU  is  waiting  for  the  interrupt.  Bus  Available  will  go  high  indicating  the  following  states  of  the  control  lines:  VMA  it 
low;  Address  Bus,  R/W,  and  Data  Bus  are  all  in  the  high  impedance  state. 
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The  following  codes  are  used  in  Table  8-3: 

aa      two  bits  choosing  the  address  mode: 

00  immediate  data 

01  base  page  direct  addressing 
10     indexed  addressing 

I  1     extended  direct  addressing 
the  second  byte  of  a  two-  or  three-byte  instruction, 
the  third  byte  of  a  three-byte  instruction, 
one  bit  choosing  the  Accumulator: 

0  Accumulator  A 

1  Accumulator  B 
two  bits  choosing  the  address  mode: 

00  (inherent  addressing)  Accumulator  A 

01  (inherent  addressing)  Accumulator  B 
10  indexed  addressing 

I I  extended  direct  addressing 

y        one  bit  choosing  the  address  mode: 

0  indexed  addressing 

1  extended  direct  addressing 

Two  numbers  in  the  "Machine  Cycles"  column  (for  example,  2  -  5)  indicate  that  execu- 
tion time  depends  on  the  addressing  mode 


PP 
qq 
x 


yy 


Table  8-3.  MC6800  Instruction  Set  Object  Codes 


MNEMONIC 

OPERAND(S) 

OBJECT  CODE 

BYTE 

MACHINE  CYCLES 

ABA 

1B 

1 

2 

ADC 

ACX, 

1xaa1001 

ADR8  or  DATA 

PP 

2 

2-5 

ADR16 

qq 

3 

4 

ADD 

ACX, 

1xaa1011 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

AND 

ACX, 

1xaa0100 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

ASL 

ACX 

01yy1000 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

ASR 

ACX 

0tyvO111 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

BCC 

DISP 

24     pp 

2 

4 

BCS 

DISP 

25     pp 

2 

4 

BEQ 

DISP 

27     pp 

2 

4 

BGE 

DISP 

2C     pp 

2 

4 

BGT 

DISP 

2E     pp 

2 

4 

BHI 

DISP 

22     pp 

2 

4 

BIT 

ACX, 

1xaa0101 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 
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Table  8-3.   MC6800 'Instruction  Set  Object  Codes  (Continued) 


MNEMONIC 

OPERAND(S) 

OBJECT  CODE 

BYTE 

MACHINE  CYCLES 

BLE 

DISP 

2F     pp 

2 

4 

BLS 

DISP 

23     pp 

2 

4 

BLT 

DISP 

2D     pp 

2 

4 

BMI 

DISP 

2B     pp 

2 

4 

BNE 

DISP 

26     pp 

2* 

4 

BPL 

DISP 

2A     pp 

2 

4 

BRA 

DISP 

20     pp 

2 

4 

BSR 

DISP 

8D     pp 

2 

8 

BVC 

DISP 

28     pp 

2 

4 

BVS 

DISP 

29     pp 

2 

4 

CBA 

11 

1 

2 

CLC 

OC 

1 

2 

CLI 

OE 

1 

2 

CLR 

ACX 

01yy1111 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

CLV 

OA 

1 

2 

CMP 

ACX, 

1xaa0001 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

COM 

ACX 

01yy0011 

1 

2 

ADR8 

pp 

2 

7 

ADR  16 

qq 

3 

6 

CPX 

10aa1100 

ADR8 

pp 

2 

4-6 

ADR  16  or  DATA  16 

qq 

3 

3-5 

DAA 

19 

1 

2 

DEC 

ACX 

01yy1010 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

DES 

34 

1 

4 

DEX 

09 

1 

4 

EOR 

ACX, 

IxaalOOO 

ADR8  or  DATA 

PP 

2 

2-5 

ADR16 

qq 

3 

4 

INC 

ACX 

01yy1100 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

INS 

31 

1 

4 

INX 

08 

1 

4 

JMP 

011yt1 10 

ADR8 

pp 

2 

4 

ADR  16 

qq 

3 

3 

JSR 

101y1101 

ADR8 

pp 

2 

8 

ADR  16 

qq 

3 

9 

LDA 

ACX, 

1xaa0110 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

LDS 

10aa1110 

ADR8 

PP 

2 

3-5 

ADR  16  or  DATA  16 

qq 

3 

4-6 
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Table  8-3.   MC6800  instruction  Set  Object  Codes  (Continued) 


MNEMONIC 

OPERAND(S) 

OBJECT  CODE 

BYTE 

MACHINE  CYCLES 

LDX 

11aa1110 

ADR8 

PP 

2 

3-5 

ADR16  or  DATA16 

qq 

3 

4-6 

LSR 

ACX 

01yy0100 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

NEG 

ACX 

01yy0000 

1 

2 

ADR8 

PP 

2 

7 

ADR16 

qq 

3 

6 

NOP 

01 

1 

2 

ORA 

ACX, 

1xaa1010 

ADR8  or  DATA 

PP 

2 

2-5 

ADR16 

qq 

3 

4 

PSH 

ACX 

0011011X 

1 

4 

PUL 

ACX 

0011001x 

1 

4 

ROL 

ACX 

01yy1001 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

ROR 

ACX 

0lyy0110 

1 

2 

ADR8 

pp 

2 

7 

ADR  16 

qq 

3 

6 

RTI 

3B 

1 

10 

RTS 

39 

1 

5 

SBA 

10 

1 

2 

SBC 

ACX, 

1xaa0010 

ADR8  or  DATA      , 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

SEC 

0D 

1 

2 

SEI 

OF 

1 

2 

SEV 

OB 

1 

2 

STA 

ACX, 

IxaaOMI 

* 

ADR8 

PP 

2 

4-6 

ADR  16 

qq 

3 

5 

STS 

10aa1111 

* 

ADR8 

PP 

2 

5-7 

ADR16 

qq 

3 

6 

STX 

11aa111l 

* 

ADR8 

PP 

2 

5-7 

ADR16 

qq 

3 

6 

SUB 

ACX, 

IxaaOOOO 

ADR8  or  DATA 

PP 

2 

2-5 

ADR  16 

qq 

3 

4 

SWI 

3F 

1 

12 

TAB 

16 

1 

2 

TAP 

06 

1 

2 

TBA 

17 

1 

2 

TPA 

07 

1 

2 

TST 

ACX 

0lyy1101 

1 

2 

ADR8 

PP 

2 

7 

ADR  16 

qq 

3 

6 

TSX 

30 

1 

4 

TXS 

35 

1 

4 

I               WAI 

3E 

1 

9 

• 

aa  =  00  is  not  permitte 

d. 
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SUPPORT  DEVICES  THAT  MAY  BE  USED 
WITH  THE  MC6800 


Using  808OA  support  devices  with  the  MC6800  is  very  straightforwardMn  terms 
of  control  signals  generated.  You  must  break  out  the  single  MC6800  R/W  control 
signal  into  separate  RD  and  WR  control  signals.  Other  signal  interconnections  are 
self-evident.  Here  is  appropriate  logic: 


R/W 


:<t>2(TTU 


MC6800 
Signals 


Decode  FFF9  on 
Address  Bus 


*<■ 


8080A 
Signals 


TO 


Signals  illustrated  above  apply  to  communications  between  the  MC6800  CPU  and 
8080A  support  devices.  External  memory  will  communicate  with  the  MC6800  CPU 
using  standard  MC6800  timing, 

There  are  some  limitations  imposed  on  communications  between  the  MC6800  CPU  and 
8080A  support  devices. 

As  illustrated  above,  you  must  create  an  interrupt  acknowledge  control  signal  by 
decoding  the  second  interrupt  acknowledge  address,  FFF9^ 5,  appearing  on  the  Ad- 
dress Bus.-  Similarly,  if  you  wish  to  create  specific  I/O  read  and  write  control  signals, 
then  you  must  decode  off  the  Address  Bus  those  memory  addresses  which  you  have 
assigned  to  I/O  devices. 

.If  you  wish  to  extend  instruction  execution  cycles  for  slow  8080A  support  devices,  then 
you  must  use  the  MC6800  clock  stretching  logic  for  this  purpose.  Clearly  the  8080A 
support  devices  cannot  use  Wait  state  logic  since  the  MC6800  has  no  such  logic. 

You  can  generate  an  8080A  compatible  system  clock  from  the  3>2  (TTL)  6870 
series  clock  as  follows: 

AAV— +5V 
5.6KH 


<t>2  (TTL) 


CLK  (8080A) 
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■>- 


MC6875 

CLOCK 


A15 
A2 


MC680O 

CPU 


ADDRESS 
DECODE 
CIRCUIT 


■» 


<t>2  NMOSL 
<J>2  TTL 


I F1-^ 


r3 


hSV  100pF  5.6K12 

I  j — [I    ft      VA       '+ 


220  ns  <  tw  <  300  ns 


*8251  ONLY 


Figure  8-11.   Use  Of  8080A  Support  Devices  With  MC6800  CPU 

Figure  8  1 1  illustrates  the  interface  for  an  8251,  an  8253  or  an  8255  device  con- 
nected to  an  MC6800  CPU.  Figure  8-12  provides  the  timing  for  8080A  support 
devices  used  with  an  MC6800  CPU. 

The  8257  DMA  device  and  the  8259  PICU  should  not  be  used  in  an  MC6800  since 
MC6800  DMA  and  interrupt  iogic  are  not  compatible  with  these  devices 
8085  support  devices  could  be  used  with  an  MC6800  but  would  require  that  you 
multiplex  the  Data  Bus  and  low  order  eight  Address  Bus  lines,  as  required  by  the 
8155,  8355,  and  8755  Extra  logic  needed  to  perform  this  bus  multiplexing  would  pro- 
bably destroy  the  cost  effectiveness  of  the  8085  support  devices  in  an  MC6800  system 
The  only  Z80  support  device  that  is  practical  in  an  MC6800  system  is  the  Z80 
DMA  device.  This  is  because  the  other  Z80  support  devices  decode  a  Write  state  from 
a  combination  of  the  M 1 ,  INT,  and  RD  control  signals  The  Z80  DMA  device  uses  sepa- 
rate read  and  write  control  inputs,  therefore  it  may  be  used  with  an  MC6800  CPU,  The 
logic  needed  to  create  Z80  DMA  control  inputs  from  MC6800  control  signals  is  identi- 
cal to  the  8080A  control  signal  logic  illustrated  above 
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R/W,  ADDR 
VMA   6800 


DATAiN  ( 
6800  ' 


DATA  OUT 
6800  ' 


RD  OR  WR  TO 
8251,  8253,  8255 


Figure  8-12.  Timing  For  8080A  Support  Devices  Used  With  An  MG6800  CPU 

When  using  non-MC6800  support  devices  with  the  MC6800  CPU,  remember  that 
there  is  a  particularly  pernicious  problem  associated  with  MC6800  Reset  logic  on 
power-up.  As  discussed  earlier  in  this  chapter,  the  MC6800  does  not  internally  disable 
interrupt  requests  until  the  trailing  low-to-higrvtransition  of  the  RESET  signal.  Thus  ex- 
ternal devices  capable  of  requesting-an  interrupt  may  randomly  do  so  during  the  power 
on  Reset  sequence;  and  this  may  result  in  an  interrupt  being  acknowledged  following 
the  initial  system  Reset  rather  than  the  expected  system  initialization  program  getting 
executed.  You  must  make  certain  that  all  support  devices  capable  of  requesting  an  in- 
terrupt are  disabled  by  the  leading  high-to-low  transition  of  RESET  during  the  power-up 
sequence 


:-41 


E    « 


1 

Direct  Memory 

Access  Control 

Logic 

X) 

c 
01    o 

a>   g) 

§  ° 

tn 

£  8 
<  g 

<5 
c 

8 

5) 

| 

c 
c 
a 

> 

o 

.E    o 

o 
E 

£   8 

2 

>■ 
c 
O 

<      (0 

2  i 

O   x) 

ro 

□c    c 

CO 

o 

00 
CO 

u 


o 


8-42 


VSS" 

halT- 

■":  MR- 
IRQ- 
VMA- 
NMt  - 
BA  " 
V, 


cc- 

A0-« 

A1  — 
A2  — 
A3  -» 
A4-« 
A5-« 
A6  -* 
A7-« 
A8~*« 
A9-« 
A10-« 
A11  —i 


RESET 

XTAL1 

XTAL2 

<f>2  (TTL) 

ME 

VCC  (ST> 

R/W 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

A15 

A14 

A13 

A12 

Vss 


PIN  NAME 

DESCRIPTION 

AO-A15 

Address  Lines 

D0-D7 

Data  Bus  Lines 

HALT 

Halt 

MR 

Memory  Ready 

"ME 

RAM  Enable 

R/W 

Read/Write 

>VMA 

Valid  Memory  Address 

>BA 

Bus  Available 

IRQ 

Interrupt  Request 

RESET 

Reset 

NMI 

Non-Maskable  Interrupt 

XTAL1,XTAL2 

Crystal/Clock  Connections 

<I>2  (TTL) 

Clock  Signal 

VSS<VCC 

Power 

VCC  (ST) 

Standby  Power 

TYPE 

Tristate,  Output 

Tristate,  Bidirectional 

input 

Input 

Input 

Tristate,  Output 

Output 

Output 

Input 

Input 

Input 

Input 

Output 


These  signals  connect  to  the  System  Bus. 

Figure  8-14.  MC6802  CPU  Signals  And  Pin  Assignments 
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THE  MC6802  CPU  WITH  READ/WRITE  MEMORY 

The  MC6802  is  a  combination  of  the  MC6800  CPU,  clock  logic,  and  128  bytes  of 
read/write  memory.  Figure  8-13  illustrates  logic  of  the  MC6802  CPU  device. 

The  actual  CPU  architecture  and  the  instruction  set  of  the  MC6802  are  identical  to  the 
MC6800  which  we  have  already  described 

The  128  bytes  of  read/write  memory  which  are  present  on  the  MC6802  chip  are  ac- 
cessed by  memory  addresses  0000 ]q  through  007F]6.  The  first  32  bytes  of  this 
read/write  memory  may  be  protected  during  power  down  by  a  special  low  power 
standby  input 

MC6802  CPU  pins  and  signals  are  illustrated  in  Figure  8-14.  Pins  and  signals 
which  differ  from  the  MC6800  illustrated  in  Figure  8-2  are  shaded.  We  will  ex- 
amine these  new  signals  only. 

Since  clock  logic  is  on  the  MC6802  chip,  three  pins  are.  needed  for  this  specific  pur- 
pose Normally  a  crystal  will  be  connected  across  XTAL1  and  XTAL2.  A  4  MHz 
crystal  should  be  used  since  the  MC6802  has  internal  divide-by-four  logic  to  create  a  1 
MHz  system  clock  signal   A  TTL  level  system  clock  signal  is  output  via  <f>2  {TTU. 

You  can,  if  you  wish,  drive  the  MC6802  using  an  external  clock  signal;  this  signal  is 
input  via  XTAL2;  it  must  not  be  faster  than  1  MHz 

In  order  to  provide  the  clock  stretching  logic  that  is  a  standard  part  of  MC6800 
microcomputer  system,  a  Memory  Ready  (MR)  signal  is  present  MR  is  normally  low 
When  MR  is  high,  clock  logic  stops  within  the  MC6800  and  the  level  of  the  $2  output 
remains  unaltered 

Two  signals  have  been  added  to  support  the  on-chip  read/write  memroy  ME  is  an  ena- 
ble signal  for  the  on-chip  memory.  ME  must  be  input  high  for  the  on-chip  memory  to 
be  accessed.  If  ME  is  low,  on-chip  memory  cannot  be  written  into  or  read.  While  on- 
chip  memory  is  disabled  its  address  space  is  also  disabled,  and  addresses  in  the  range 
0000 16  through  007F-|6  are  deflected  to  external  memory  Thus  the  address  space 
OOOO-ie  through  007Fie  <s  duplicated;  it  accesses  on-chip  RAM  when  ME  is  high, 
but  it  accesses  external  RAM  when  ME  is  low 

The  ME  signal  is  also  used  during  the  power  down  sequence  ME  must  be  low  at  least 
three  clock  signals  before  Vcc  goes  below  +4. 75V  during  power  down 

VCC(ST)  is  a  new  power  input  which  is  used  to  retain  the  contents  of  the  32  low 
order  on-chip  read/write  memory  bytes. 

MC6800  signals  which  have  been  removed,  going  to  the  MC6802,  include  the 
clock  inputs  <f>1  and  c*>2,  plus  the  bus  control  signals  TSC  and  DBE. 

Obviously,  the  clock  inputs  must  be  removed  since  clock  logic  is  now  on  the  CPU  chip- 
Removal  of  the  System  Bus  control  signals  TSC  and  DBE  reflects  the  fact  that  if  you  are 
going  to  need  direct  memory  access,  you  are  not  going  to  use  the  MC6802,  Only  larger 
microcomputer  systems  need  direct  memory  access;  for  such  systems  the  MC6800  is 
available.  The  MC6802  is  intended  as  half  of  a  two-chip  6800  configuration,  within 
which  direct  memory  access  would  be  meaningless. 

Ultimately  a  multifunction  support  device,  tentatively  identified  as  the  MC6846, 
will  be  available  to  support  the  MC6802.  The  MC6846  will  provide  read  only  memo- 
ry, I/O  ports  and  a  timer  The  MC6846  has  not  yet  been  characterized;  therefore,  it  is 
not  described  in  this  book 
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THE  MC6870  TWO  PHASE  CLOCKS 

Four  clock  logic  devices  supporting  the  MC6800  CPU  are  described. 

The  MC6870A  is  a  very  elementary  device  providing  minimum  clock  signals 
needed  with  an  MC6800  microcomputer  system.  Its  pin  assignments  are  illustr- 
ated in  Figure  8-15. 


<f>2  (TTL) 
Vcc  ( +  5V) 


ct>2  (NMOS) 


1 

3 

24 
22 

5 

7 

20 

MC6870A 

18 

—« 

12 

13 

^ 

<t>1  (NMOS) 


Pin  Name  Description  Type 

*1  (NMOS)  01  Clock  to  MC6800  Output 

<f>2  (NMOS)  02  Clock  to  MC6800  Output 

<l>2  (TTU  02  Clock  to  microcomputer  Output 

system 
VCc,  GND  Power  and  Ground 

Figure  8-15.   MC6870A  Clock  Device  Pins  And  Signals 

The  first  enhancement  is  provided  by  the  MC6871A,  illustrated  in  Figure  8-16, 
which  adds  clock  signal  stretching  capabilities  and  a  twice  frequency  clock  out- 
put. 


GND 

MEMORY  CLOCK 

<I>2  (TTL) 

Vcc  ( +  5V) 

02  (NMOS) 


1 

3 

5 

24 
22 
20 

-*- 

.-«* 

7 

MC6871A 

18 

^ 

12 

13 

2xfc 

MEMORY  READY 


HOLD1 
GND 


#1  (NMOS) 


Pin  Name  Description  Type 

01  (NMOS)  01  Clock  to  MC6800  Output 

<t>2  (NMOS)  <I>2  Clock  to  MC6800  Output 

<t>i  (TTL)  02  Clock  to  microcomputer  Output 

system 

MEMORY  CLOCK        Select  to  memory  devices  Output 

2xfc  Twice  frequency  clock  Output 

HOLD?  Stretch  01  high  control  Input 

MEMORY  READY        Stretch  01  low  control  Input 
Vcc,  GND                      Power  and  Ground 

Figure  8-16.   MC6871A  Clock  Device  Pins  And  Signals 
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The  MC6871B,  illustrated  in  Figure  8-17,  is  a  variation  of  the  MC6871A. 


GND 
<i>2    (TTL)    UNGATED 

#2  (TTL) 
Vcc  ( +  5V) 


0>2  (NMOS) 


Pin  Name 

*1  (NMOS) 
<t>2  (NMOS) 
$2  (TTL) 

#2  (TTL)  UNGATED 

2xfc 

HQLD1 

HOLD2 

Vcc,  GND 


Description 

4>1  Ciock  to  MC6800 

<i>2  Clock  to  MC6800 

<l>2  Clock  to  microcomputer 

system 

Free-running  #2  (TTL) 

Twice  frequency  clock 

Stretch  <f>1  high  control 

Stretch  <t>1  low  control 

Power  and  Ground 


<t>1  (NMOS) 


Type 

Output 
Output 
Output 

Output 
Output 
Input 
Input 


Figure  8-17,  MC6871B  Clock  Device  Pins  And  Signals 

The  MC6875  is  the  most  versatile  of  the  clock  devices  provided  for  the  MC6800. 
It  is  illustrated  in  Figure  8-18. 


X1 

X2 

EXT  CLK 

4xfc 

2xfc 

MEM  READY 

*2  (TTL) 

GND 

Pin  Name 

01  (NMOS) 
<P2  (NMOS) 
(D2  (TTL) 

MEMORY  CLOCK 
2xfc 

4xfc 

DMA/REF  REQ 
REF  GRANT 
MEM  READY 
SYS  RES 
RESET 
EXT  CLK 
XI,  X2 
Vcc,  GND 


1  10 

2  15 

3  14 

4  13 
c              MC6875 

5  12 

6  „ 

7  10 

8  9 

m" 

Bm 

-n0 

Description 

#1  Clock  to  MC6800 
0>2  Clock  to  MC6800 
<t>2    Clock   to    microcom- 
puter system 
Free-running  <J>2  (TTL) 
Twice  frequency  clock 
Four  Times  frequency  clock 
Stretch  #1  high  control 
Stretch  <t>1  high  acknowledge 
Stretch  <t>1  low  control 
Asynchronous  system  reset  control 
Synchronous  reset  control 
External  synchronization  control 
External  crystal  connections 
Power  and  Ground 


Vcc  (  +  5V) 
<b1  (NMOS) 
RESET 
<t>2  (NMOS) 
SYS  RES 
REF  GRANT 
DMA/REF  REQ 
MEMORY  CLOCK 

Type 


Output 
Output 
Output 

Output 

Output 

Output 

input 

Output 

Input 

Input 

Output 

Input 


Figure  8-18.   MC6875  Clock  Device  Pins  And  Signals 
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Since  these  various  clock  logic  devices  represent  essentially  the  same 
capabilities,  but  with  increasing  enhancements,  we  will  describe  logic  and 
capabilities  in  the  order  of  the  device  illustrations. 

Much  of  the  clock  device  logic  we  are  going  to  describe  stretches  the  4>1  (NMOS) 
and  $2  (NMOS)  clock  signals.  But  recall  that  stretching  <J>1  (IMMOS)  and  <P2 
(NMOS),  in  itself,  is  only  half  of  the  logic  needed  to  stretch  the  entire  System  Bus_. 
Additionally,  the  MC6800  needs  a  high  TSC  input  to  float  the  Address  and  R/W 
Bus  lines  while  $1  (NMOS)  is  high.  DBE  must  be  input  low  in  order  to  float  the 
Data  Bus  lines  while  the  clock  is  being  stretched  with  $1  (NMOS)  low. 

THE  MC6870A  CLOCK  DEVICE 

This  is  a  minimum  clock  device;  it  outputs  4>1  (NMOS)  and  <$2  (NMOS),  the  two 
clock  signals  required  by  an  MC6800  CPU. 

<I>2  (TTL)  is  alsp  generated.  <t>2  (TTL)  is  used  to  synchronize  support  devices;  it 
has  sufficient  load  capacity  to  drive  five  devices  without  signal  buffering. 

The  MC6870A  contains  an  internal  crystal  and  oscillator,  in  its  standard  form  clock  sig- 
nals with  a  1  MHz  frequency  are  generated  A  variety  of  other  clock  frequencies  can 
also  be  ordered. 

THE  MC6871 A  CLOCK  DEVICE 

In  addition  to  the  standard  signals  output  by  the  MC6870A,  the  MC6871A  provides 

two  additional  TTL  output  clock  signals  and  externally  controlled  pulse  stretching 

capabilities 

HOLD1  is  used  to  stretch  the  standard  clock  signals:  4>1   (NMOS),  <P2  (NMOS) 

and  <1>2  (TTL),  which  we  described  for  the  MC6870A  Timing  may  be  illustrated  as 

follows: 


#1  (NMOS) 


«t>2  (NMOS)  and  <t>2  TTL 


It  is  very  important  that  H0LD1  makes  its  active  high-to-low  transition  during  a  4>1 
(NMOS)  high  state.  Subsequently,  <J>1  (NMOS).  <I>2  TTL  clocks  will  be  stretched  until 
H0LD1  makes  a  low-to-high  transition. 

H0LD1  must  make  its  low-to-high  transition  during  the  time  when  4>1  would  ordinarily 
be  high-™  that  is,  if  it  had  not  been  stretched  External  logic  can  use  the  signals 
MEMORY  CLOCK  and  2xfc  to  synchronize  this  transition  As  a  result,  it  is  possible  for  a 
maximum  delay  of  one-half  clock  cycle  to  elapse  between  HOLD1  going  high  and  clock 
signals  resuming  their  normal  waveform 


MC6800 
STRETCHING 
ADDRESS 
TIMING 


As  illustrated  above,  H0LD1    stretches  clocks  with  <f>1    (NMOS) 

high   If  you  refer  back  to  our  discussion  of  the  MC6800,  you  will 

see  that  these  clock  levels  identify  the  portion  of  a  machine  cycle 

when  an  address  is  being  output    Typically,  the  clock  will  be 

stretched  so  that  two  addresses  can  be  output    the  first  for  a 

Direct  Memory  Access  or  dynamic  memory  refresh  operation,  the  second  for  the  normal 

address  output  which  is  required  when  any  instruction  is  executed  Device  select  logic 

must  discriminate  between  the  two  addresses  being  output,  DMA  or  dynamic  memory 

refresh  logic  must  receive  the  first  address  only,  while  memory  or  I/O  devices  receive 

the  second  address  only 
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Jr^dd'tr°nal  Cl°Ck  signa,s  are  outPut  bV  the  MG6871A:  2xfc  and  MEMORY 
CLOCK;  they  are  not  part  of  normal  memory  addressing  logic,  therefore  these  two  clock 
signals  are  not  stretched  by  HOLD1. 

2xfc  is  a  twice  frequency  clock  signal  which  can  be  used  for  various  synchronization 
logic  around  an  MC6800  microcomputer  system. 

MEMORY  CLOCK  is  identical  in  waveform  to  <D2  TTL  except  MEMORY  CLOCK  is 
not  stretched  by  HOLD1.  **i-w*iv  is 


Notice  that  HOLD1  must  make  its  high-to-low  transition  while  <I>1  {NMOS)  is  high  An 
asynchronous  HOLD  request  must  therefore  be  synchronized  with  <D1  (NMOS)  in  order 
to  generate  a  HOLD1  MC6871A  clock  device  input.  This  is  a  simple  logic  operation- 
here  is  one  possibility: 


HOLD! 


MEMORY  CLOCK 


-  DMA  or  Refresh 
Acknowledge 


This  circuit  also  ensures  that  the  low-to-high  transition  of  HOLD1  will  occur  at  a  time 
when  <P1  (NMOS)  would  be  high  even  if  it  were  not  stretched  The  low~to-high  clock 
transition  occurs  only  during  <J>  1   (NMOS)  hrgh  time: 


01  (NMOS) 


MEMORY  CLOCK 


!  JTj\r\ju\n. 

— n TL—TL 


MEMORY  READY  also  stretches  clock  signals.  Timing  may  be  illustrated  as  follows 


<f>1  (NMOS) 


■j-\ r\ 


<t>2  (NMOS),  cf>2  TTL 
and  MEMORY  CLOCK 


MEMORY  READY 


n_ 
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Clock  signal  stretching  begins  with  $2  (NMOS)  high  following  the  MEMORY  READY 
high-to-low  transition  Clock  stretching  ends  with  the  falling  edge  of  2xfc  following  the 
MEMORY  READY  low-to-high  transition  Observe  that  MEMORY  READY  stretches 
MEMORY  CLOCK,  which  HOLD!  does  not  do.  2xfc.  however,  is  not  stretched,  either  by 
HOLD1  or  by  MEMORY  READY  Also  note  that  MEMORY  READY  does  not  require  input 
synchronization,  as  does  HOLD1 

If  you  refer  back  to* the  timing  diagrams  which  illustrate  MC6800  instructions'  execu- 
tion, you  will  see  that  MEMORY  READY  stretches  clock  signals  during  the  data  access 
portion  of  a  machine  cycle  This  is  the  part  of  the  machine  cycle  during  which  external 
memory  has  to  respond  to  a  CPU  access;  therefore,  this  is  the  portion  of  the  machine 
cycle  which  must  be  stretched  for  slow  memories  —  which  is  why  MEMORY  READY 
can  be  visualized  as  the  signal  which  slow  memories  must  input  low  in  order  to  gain  the 
access  time  they  require. 

The  MC6871A  contains  an  internal  crystal  oscillator.  In  its  standard  form,  clock 
signals  with  a  1  MHz  frequency  are  generated.  A  variety  of  other  clock  frequen- 
cies can  also  be  ordered. 

THE  MC6871B  CLOCK  DEVICE 

This  device  differs  from  the  MC6871 A  in  two  ways.  MEMORY  READY  is  replaced 
by  HOLD2  and  MEMORY  CLOCK  is  replaced  by  <f>2  (TTU  UNGATED.  HOLD2 
stretches  clock  signals  with  *1  (NMOS)  low,  just  as  MEMORY  READY  did;  however, 
like  HOLD1,  HOLD2  must  have  its  active  transitions  synchronized  with  the  clock  out- 
put __  in  this  case  Wjth  <I>2  high.  <f>2  (TTL)  UNGATED,  however,  is  not  stretched.  Timing 
may  be  illustrated  as  follows: 


*1  (NMOS) 


#2  TTL  UNGATED 


THE  MC6875  CLOCK  DEVICE 

This  is  the  most  sophisticated  of  the  clock  devices  offered  with  the  MC6800 
microcomputer  system.  Its  principal  features  are  that  it  performs  control  input 
synchronization  which  must  be  handled  externally  by  other  clock  devices;  also, 
the  MC6875  allows  external  timing. 

As  we  have  already  stated,  clock  signals  are  stretched  with  4>1  and  $2  low  in  order  to 
allow  a  Direct  Memory  Access  or  dynamic  memory  refresh  address  to  be  output.  The 
MC6875  DMA/REF  REQ  input  performs  this  clock  stretching  operation,  just  as 
HOLD1  does,  except  that  DMA/REF  REQ  can  be  an  asynchronous  input.  MC6875 
internal  logic  performs  the  synchronization  operations  which  have  to  be  handled  exter- 
nally for  the  MC6871A  and  MC6871B  clocks,  in  addition,  the  MC6875  outputs  REF 
GRANT  high  while  the  clocks  are  being  stretched  with  $1  (NMOS)  high.  External  DMA 
or  dynamic  memory  refresh  logic  can  use  REF  GRANT  as  an  enable  strobe. 
MEMORY  READY  and  MEMORY  CLOCK  are  as  described  for  the  MC6871A. 
MEMORY  READY  stretches  clocks  with  <M  (NMOS)  low:  MEMORY  CLOCK  follows  3>2 
(NMOS)  and  is  stretched  by  MEMORY  READY  but  not  by  DMA/REF  REQ. 
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The  MC6875  clock  signal  outputs  <2>1  (NMOS)  and  $2  (NMOS)  have  sufficient 
capacity  to  drive  two  MC6800  CPUs.  4xfc  is  an  additional  oscillator  running  at 
four  times  the  <M  and  <f>2  clock  rates. 

X1,  X2  and  EXT  IN  are  three  signals  which  allow  MC6875  clock  rates  to  be  con- 
trolled externally. 

You  can  optionally  attach  a  crystal  oscillator  or  an  RC  network  to  XI,  X2  as  follows: 


vss 


EXT  IN 


VGG 


VGG 


You  can  also  input  an  external  clock  signal  to  EXT  IN,  in  which  case  the  MC6875 
will  adopt  the  frequency  of  the  external  signal.  The  external  clock  frequency  must 
be  four  times  the  <I>1  and  #2  clock  frequency. 

The  MC6875  is  able  to  take  a  ragged  SYSTEM  RESET  input  and  convert  it  into  a 
crisp  RESET,  which  may  be  used  throughout  an  MC6800  microcomputer  system. 
SYSTEM  RESET  can  be  any  input  signal  which  is  processed  through  a  Schmitt  trigger  to 
create  a  RESET  output,  as  described  for  the  8224  clock  device  in  Chapter  4. 

SOME  STANDARD  CLOCK  SIGNAL  INTERFACE  LOGIC 

There  are  a  number  of  very  common  ways  in  which  MC6870  series  clock  signals 
are  used  within  MC6800  microcomputer  systems. 

You  will  find  that  all  of  the  support  devices  described  in  the 
rest  of  this  chapter  require  an  enable  synchronizing  signal, 
given  the  symbol  "E".  This  signal  is  usually  generated  as  the 
AND  of  the  MC6800  VMA  output  and  the  $2  TTL  clock  out- 
put: 


MC6800 
ENABLE 
SIGNAL 
GENERATION 


<U2  TTL  - 
VMA- 


O- 


The  purpose  of  ANDing  <$>2  with  VMA  is  to  make  sure  that  devices  receiving  signal  E 
are  inhibited  while  VMA  is  low  —  at  which  time  the  CPU  cannot  be  accessing  the  sup- 
port device, 
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The  HALT  signal,  which  is  used  in  MC6800  microcomputer 
systems  to  float  the  System  Bus  for  extended  periods,  must  be 
a  synchronous  input  You  can  create  a  synchronous  HALT 
from  an  asynchronous  HALT  using  $2  TTL  as  follows: 


MC6800 
SYNCHRONOUS 
HALT 
GENERATION 


Asynchronous  HALT 


<t>2TTL 


Synchronous  HALT  „ 


THE  MC6820  AND  MCS6520 

PERIPHERAL  INTERFACE  ADAPTER 

(PIA) 

This  part  is  manufactured  as  the  MC6820  by  the  companies  listed  at  the  begin- 
ning of  this  chapter.  MOS  Technology  and  its  second  source  companies  (whose 
products  are  described  in  Chapter  9)  manufacture  the  same  part  but  call  it  the 
MCS6520. 

The  MC6820  PIA  is  a  general  purpose  I/O  device,  designed  for  use  within 
MC6800  microcomputer  systems. 

The  MC6820  PIA  provides  16  I/O  pins,  configured  as  two  8-bit  I/O  ports.  We  will 
refer  to  these  as  Port  A  and  Port  B.  Individual  pins  of  each  I/O  port  may  be  used 
separately  as  inputs  or  outputs.  Each  I/O  port  has  two  associated  control  signals, 
one  of  which  is  input  only,  while  the  other  is  bidirectional.  The  only  differences 
between  I/O  Ports  A  and  B  are  in  their  electrical  characteristics,  and  in  their 
handshaking  control  capabilities.  But  these  are  very  significant  differences,  as  we  will 
explain  shortly. 

Figure  8-19  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  on  the  MC6820  PIA. 

The  MC6820  PIA  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply. 

All  inputs  and  outputs  are  TTL  compatible. 

The  device  is  implemented  using  N-channel  silicon  gate  MOS  technology. 
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, 

40 
39 
38 

vss 

PAO    "^     *"" 

1 
2 
3 

-*-  CA2 
-^-  IRQA 

PA2  -*« — ** 

4 

37 

-»■""  IRQB 

PA3  -*g"-*» 

5 

36 

PA4  -** — *- 

6 

7 

35 
34 

PA5  -** — ^" 

"""""  RESET 

PA6    '^     ^ 

8 

33 

PA7     ««     ,»» 

9 
10 
11 
12 

MC6820 

PIA 

(MCS6520) 

32 
31 
30 
29 

-^  D1 

PBO     ^     *" 

-^  D3 
-**-  D4 

PB3  ~* — »» 

13 

28 

-►  D5 

PB4    -m    **< 

14 

27 

-►  D6 

PB5     ,m    », 

15 

26 

-^~  D7 

PB6    ""*'    »» 

16 

25 
24 
23 

PB7     **     B* 
CB1   ► 

17 
18 

-*- 

CS2 

CB2     «■     >»■ 
Vcc 

19 
20 

22 
21 

R/W 

Pin  Name 

Description 

Type 

D0-D7 

Data  Bus  to  CPU 

Tristate,  bidirectional 

PAO  -  PA7 

Port  A  peripheral  Data  Bus 

Input  or  Output 

PBO  -  PB7 

Port  B  peripheral  Data  Bus 

Tristate,  Input  or  Output 

CSO,  CS1,  CS2 

Chip  Select 

Input 

RSO,  RS1 

Register  Select 

Input 

CA1 

Interrupt  input  to  Port  A 

input 

CA2 

Port  A  peripheral  control 

Input  or  Output 

CB1 

Interrupt  input  to  Port  B 

Input 

CB2 

Port  B  peripheral  control 

input  or  Output 

E 

Device  synchronization 

Input 

R/W 

Read  /Write  control 

Input 

IRQA,  IRQB 

Interrupt  request 

Output 

RESET 

Reset 

Input 

Vcc,  Vss 

Power  and  Ground 

Figure  8-20.  MC6820  PiA  Signals  And  Pin  Assignments 

THE  MC6820  PIA  PINS  AND  SIGNALS 

The  MC6820  pins  and  signals  are  illustrated  in  Figure  8-20.  We  will  summarize 
signal  functions  before  describing  PIA  operations. 

Consider  first  the  various  Data  Busses. 

DO  -  D7  represents  the  bidirectional  Data  Bus  via  which  all  communications  bet- 
ween the  CPU  and  the  MC6820  occur. 

PAO  -  PA7  and  PBO  -  PB7  represent  Data  Busses  connecting  the  two  8-bit  I/O 
Ports  A  and  B  with  external  logic.  The  16  I/O  port  pins  may  be  looked  upon  as  16  in- 
dividual signal  lines,  or  two  8-bit  I/O  busses.  Each  I/O  port  pin  can  be  individually 
assigned  to  input  or  output,  but  an  individual  pin  cannot  support  bidirectional  data 
transfers. 
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These  are  the  differences  between  I/O  Port  A  and  B  pins: 

1)  An  I/O  Port  B  pin  which  has  been  assigned  to  output  will  enter  a  tristate  condition 
during  an  input  operation;  this  is  not  the  case  for  an  I/O  Port  A  pin 

2)  Bits  of  I/O  Port  A  may  be  set  or  reset  at  any  time  by  voltage  levels  applied  to  associ- 
ated pins-  Irrespective  of  data  that  may  be  in  a  bit  position  following  a  Read  or 
Write  operation,  an  I/O  Port  A  bit  will  be  reset  to  zero  any  time  a  voltage  of  +0.8V 
or  less  is  applied  to  a  Port  A  pin.  A  1  will  be  written  into  a  Port  A  bit  any  time  a 
voltage  of  +2V  or  more  is  applied  to  the  Port  A  pin  I/O  Port  B  bit  contents  are  not 
affected  by  voltage  levels  at  I/O  Port  B  pins.  For  example,  suppose  that  a  1  has 
been  output  to  bit  2  of  I/O  Ports  A  and  B.  Subsequently  suppose  that  pin  2  of  I/O 

Totfs  A  and  B  are  drained  excessively,  so  that  voltage  levels  transiently  drop  to 
+0.5V,  I/O  Port  A  bit  2  will 'become  0,  but  I/O  Port  B  bit  2  will  retain  a  level  of  1. 

3)  As  outputs,  I/O  Port  B  pins  may  be  used  as  a  source  of  up  to  1  mA  at  +1.5V,  to 
directly  drive  the  base  of  a  transistor  switch  This  is  not  feasible  using  I/O  Port  A 
pins. 

There  are  five  device  select  pins. 

CSO,  CS1  and  CS2  are  three  typical  chip  select  signals.  For  an  MC6820  device  to  be 
selected,  CSO  and  CS1  must  receive'high  inputs  while  CS2  simultaneously  receives  a 
low  input. 

Providing  CSO,  CS1  and  CS2  have  selected  an  MC6820  device,  RSO  and  RS1  address 
one  of  four  memory  locations.  Thus  an  MC6820  device  will  appear  to  a  programmer 
as  four  memory  locations 

Any  of  the  standard  schemes  described  in  Volume  I  can  be  used  to  address  an  MC6820 
PIA.  There  is  nothing  unusual  about  the  select  logic  with  which  you  will  assign  four  uni- 
que memory  addresses  to  an  MC6820 

There  are  four  timing  and  control  signals  which  interface  an  MC6820  with  exter- 
nal logic. 

CA1  and  CA2  are  control  signals  associated  with  I/O  Port  A.  CA1  is  an  input  only 
signal  and  is  usually  used  by  external  logic  to  request  an  interrupt.  CA2  is  a  bidirec- 
tional control  signal  which  is  used  to  implement  various  types  of  handshaking  logic. 
CB1  and  CB2  are  the  control  signals  which  support  I/O  Port  B.  These  two  signals  are 
analogous  to  CA1  and  CA2,  although  there  are  some  differences  in  the  handshaking 
logic  associated  with  CB2  as  compared  to  GA2. 

There  are  two  control  signals  associated  with  the  MC6820  CPU  interface. 

E  is  the  standard  synchronization  signal  generated  by  the  various  MC6870  series 
clock  devices.  The  trailing  edge  of  E  pulses  synchronizes  all  logic  and  timing  within 
the  MC6820.  Manufacturer  literature  refers  to  E  as  a  device  enable  signal,  but  it  is  more 
accurately  viewed  as  a  device  synchronization  signal. 

Ry^  is  the  standard  Read/Write  control  signal  output  by  the  MC6800  CPU  When 
R/W  is  high,  a  Read  operation  is  specified;  that  is,  data  transfer  from  the  MC6820  PIA 
to  the  MC6800  CPU  occurs.  When  R/W  is  low,  a  Write  operation  is  specified;  that  is, 
data  transfer  from  the  CPU  to  the  PIA  occurs 


There  are  two  interrupt  request  signals,  IRQA  and  IRQB.  Under  program  control  you 
can  specify  the  conditions  under  which  an  interrupt  request  can  originate  at  logic  asso- 
ciated with  I/O  Port  A  or  I/O  Port  B  The  actual  interrupt  request  is  transmitted  to  the 
MC6800  CPU  via  signal  IRQA  for  I/O  Port  A  logic,  and  via  IRQB  for  I/O  Port_B  logic  In- 
terrupt requests  originating  at  either  signal  will  connect  to  the  MC6800  IRQ  input 

RESET  is  a  standard  Reset  input.  When  it  is  input  low.  the  contents  of  all  MC6820 
registers  will  be  set  to  zero 


8-54 


MC6820  OPERATIONS 

As  compared  to  the  8255  PPL  the  MC6820  PIA  has  less  formalized  operating  modes. 
The  MC6820-to~external  logic  interface  consists  of  two  i/O  ports,  each  of  which  has 
two  dedicated  control  lines  You  have  the  option  of  assigning  individual  I/O  port 
lines  to  input  or  output;  as  a  completely  separate  operation  you  can  use  the  two 
control  lines  to  perform  a  limited  amount  of  handshaking  and  interrupt  process- 
ing —  or  you  can  ignore  the  control  lines,  in  which  case  the  I/O  port  is  supporting 
simple  input  and/or  output.  Bidirectional  I/O,  equivalent  to  8255  Mode  2,  is  not 
available.  Figure  8-21  generally  represents  MC6820  functional  organization  and 
Table  8-4  summarizes  the  available  operating  modes. 

Table  8-4.  MC6820  Operating  Modes 


OPERATING  MODE 

MC6800  AVAILABILITY 

Simple  input 
without  handshaking 

I/O  Port  A  or  B 

Simple  output 
without  handshaking 

I/O  Port  A  or  B 

Bidirectional  I/O 
without  handshaking 

Not  available,  but  individual  pins  of 
either  I/O  port  may  be  separately 
assigned  to  input  or  output 

Input  with  handshaking 

I/O  Port  A  only 

Output  with  handshaking 

I/O  Port  B  only 

"Bidirectional  I/O 
with  handshaking 

Not  Available 

Table  8-5.   Addressing  MC6820  Internal  Registers 


SELECT  LINES 


RS1 


RSO 


ADDRESSED  LOCATION 


765432     1    Q-^i Bit  No. 

I    1    I     1     I    1x1     1    H» I/O  Port  A  Control  register 


I/O  Port  A  Data  Direction  register 
I/O  Port  A  Data  buffer 


7    6    5    4    3    2     10- 


3it  No. 


t    1     I     1     1    1x1     I    h* I/O  Port  B  Control  register 


I/O  Port  B  Data  Direction  register 
I/O  Port  B  Data  buffer 
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1RQA  38- 


DATA  BUS 

BUFFERS 

(DBB) 


H 


BUS  INPUT 

REGISTER 

(BIR) 


CSO  22- 
CS1  24- 
CS2  23- 
RSO  36- 
RS1  35- 
R/^21  - 
ENABLE  25  - 
RESET  34- 


CHIP 

SELECT 

AND 

R/W 

CONTROL 


INTERRUPT 

STATUS 
CONTROL  A 


-40GA1 


DATA  DIRECTION 

REGISTER  A 

(DDRA) 


I/O  PORTS 
DATA  BUFFER 


2 

PAO 

3 

PA1 

4 

PA2 

5 

PA3 

6 

PA4 

7 

PA5 

8 

PA6 

9 

PA7 

10 

PBO 

11 

PB1 

12 

PB2 

13 

PB3 

14 

PB4 

15 

PB5 

16 

PB6 

17 

PB7 

DATA  DIRECTION 

REGISTER  B 

<DDRB) 


IRQB  37  - 


INTERRUPT 

STATUS 
CONTROL  B 


Figure  8-21.   Functional  Block  Diagram  For  The  MC6820  PIA 
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There  are  six  addressable  locations  within  an  MC6820  PIA;       MC6820 
they  are  shaded  in  Figure  8-21.  Since  there  are  only  two  register       REGISTERS 
select  lines,  RSO  and  RS1,  four  unique  addressable  locations  can       ADDRESSING 

be  identified  within  the  MC6820.  Table  8-5  summarizes  the  man- 
ner in  which  the  MC6820  uses  four  addresses  to  access  six  locations.  Logic  defined  in 
Table  8-5  requires  that  you  first  output  a  Control  code  to  each  I/O  port  Control  register, 
next  you  access  either  the  I/O  port  Data  Direction  register,  or  the  I/O  port  Data  Buffer. 
You  use  the  same  memory  address  to  access  an  I/O  port  Data  Direction  register  and  I/O 
port  Data  Buffer,  Which  location  you  access  is  determined  by  bit  2  of  the  I/O  port's 
Control  register. 

You  must  precede  any  I/O  port  Data  Direction  register,  or  Data  Buffer  access  with  a 
Control  code,  written  to  the  I/O  port's  Control  register  Once  you  have  written  a  Control 
code  to  an  I/O  port  Control  register,  you  do  not  have  to  write  another  Control  code  for 
addressing  purposes  until  you  wish  to  switch  from  accessing  the  I/O  port  Data  Direc- 
tion register  to  the  Data  Buffer,  or  from  accessing  the  Data  Buffer  to  the  Data  Direction 
register. 

To  illustrate  MC6820  addressing,  suppose  the  four  addresses  COOOig,  COOIiq, 
C002-J6  and  C003-|g  select  an  MC6820,  This  is  how  addressable  locations  within  the 
MC6820  would  actually  be  selected  if  address  line  AO  were  connected  to  RSO  and  A1 
toRS1: 

Address  Selected 

COOO-is         I/O  Port  A  Data  Direction  register,  if  C001-j6<  bit  2  =  0 

I/O  Port  A  Data  buffer,  if  COOI16-  bit  2  =  1 
C001 16         I/O  Port  A  Control  register 
C002<|6         I/O  Port  B  Data  Direction  register,  if  C003-|6,  bit  2  =  0 

I/O  Port  B  Data  buffer,  if  C003-|6,  bit  2  =  1 
C003T6         I/O  Port  B  Control  register 

If  you  read  from  an  I/O  port  data  buffer,  you  input  from  the  I/O  port  to  the  CPU;  if  you 
write  to  an  I/O  port  data  buffer,  you  output  from  the  CPU  to  the  I/O  port 

The  Data  Direction  registers  identify  each  pin  of  an  I/O  port  as  being  dedicated  to  either 
input  or  output  These  are  write  only  registers.  You  must  write  a  control  word  into  each 
Data  Direction  register;  a  0  in  a  bit  position  configures  the  corresponding  I/O  port  pin  as 
an  input  while  a  1  results  in  an  output: 


7    6    5     4    3    2     1     Q 

01  nioionioF 


-Bit  No. 

"  Control  register 


I/O  Port 
Pins 

Observe  that  I/O  Ports  A  and  B  will  both  be  configured  as  8-bit  input  ports  when  the 
MC6820  is  reset  since  RESET  clears  all  internal  registers. 
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Control  register  interpretation  is  quite  complex. 

The  two  high  order  bits  of  each  Control  register  are  read  only  loca- 
tions, which  record  the  status  of  interrupt  requests  which  may 
originate  from  either  of  two  control  lines  associated  with  an  I/O 
port: 


MC6320 

CONTROL 

CODES 


Jl 


7    6    5    4    3    2    1     0  ^a ■ 

1     |  |  |  |  |  |  k— 

Ji    Ji 

JC 


7    6    5    4    3    2    10 


H    Jl 


DLL 


-Both  interrupt  requests  are 
output  via  IRQA 

-Bit  No. 

Control  Register  A 

Status  of  interrupt  requests  originating  at  CA2  logic 
Status  of  interrupt  requests  originating  at  CA 1  logic 

«  Both  interrupt  requests  are 
output  via  IRQB 

-Bit  No. 

■  Control  Register  B 

*  Status  of  interrupt  requests  originating  at  CB2  logic 
-Status  of  interrupt  requests  originating  at  CB1  logic 


MC6820 

INTERRUPT 

LOGIC 


The  remaining  six  control  bits  may  be  written  into  or  read;  they  define  the  way  in  which 
the  I/O  port  will  operate. 

Figures  8-22  and  8-23  describe  the  Control  register  interpretation  for  I/O  Ports  A  and  B 
respectively;  since  the  two  Control  register  interpretations  are  very  similar,  the  points  of 
difference  are  shaded  so  that  they,  are  easy  to  spot 

Let  us  clarify  the  functions  enabled  by  the  two  Control  registers. 

Each  I/O  port  has  its  own  interrupt  request  signal:  IRQA  for  I/O 
Port  A  and  IRQB  for  I/O  Port  B,  Each  interrupt  request  signal  has 
two  separate  sets  of  request  logic,  based  on  an  interrupt  request 
originating  with  a  CA1/CB1  signal  transition,  oraCA2/CB2  signal 
transition. 

Control  register  bit  0  enables  or  disables  IRQA/IRQB,  based  on  signal  CA1/CB1  transi- 
tions  only.  Quite  independently,  Control  register  bit  3  enables  or  disables  IRQA/iRQB 
based  on  transitions  of  signal  CA2/CB2.  However,  Control  register  bit  3  has  an  alterna- 
tive interpretation;  the  one  we  have  just  described  only  applies  if  Control  register  bit  5 
is  0. 

Interrupt  requests  are  triggered  by  the  "active  transitions"  of  a  control  signal.  The  ac- 
tive transitions  of  control  signals  may  be  a  high-to-low,  or  a  low-to-high  transition.  For 
CA1/CB1,  the  active  transition  is  selected  by  Control  register  bit  1.  For  CA2/CB2,  the 
active  transition  is  selected  by  Control  register  bit.  4,  but  only  if  Control  register  bit  5  is 

Irrespective  of  whether  interrupt  request  signals  IRQA  and  IRQB  have  been  enabled  or 
disabled,  Control  register  bits  6  and  7  will  report  the  interrupt  request  as  a  status,  that  is 
to  say,  if  a  condition  exists  where  CA1/CB1  makes  an  interrupt  requesting  active  transi- 
tion,'then  Control  register  bit  7  will  be  set  to  1  Similarly,  if  control  signal  CA2/CB2 
makes  an  interrupt  requesting  transition,  then  Control  register  bit  6  will  be  set  to  1. 
Once  set  Control  register  bits  6  and  7  will  remain  set  until  a  Read  operation  addresses 
the  Control  register;  at  that  time  Control  register  bits  6  and  7  will  both  be  reset  to  0, 
while  other  bits  of  the  Control  register  are  left  unaltered. 
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7    6 

n 


i   u  h ■  ji   J,  ji   ii 


5    4    3    2 

rn 


i  o- 


n- 


-Bit  No. 

-I/O  Port  A  Control  register 


•  0  Disable  IRQA1 

1   Enable  IRQAt 

■  0  Set  bit  7  and  IRQA1  (if  enabled}  on  high-to-low  CA1  transition 
1   Set  bit  7  and  JRQA'i  (if  enabled}  on  low-to-high  CA1  transition 

■  0  When  RSO,  RS1  =00  select  I/O  Port  A  Direction  register 
1   When  RSO,  RS1  =00  select  I/O  Port  A  Data  buffer 

■  0  Disable  1RQA2 
1   Enable  IRQA2 

■  0  Set  bit  6  and  IRQA2  (if  enabled) 
on  high-to-low  CA2  transition 
1  Set  bit  6  and  IRQA2  (if  enabled) 
on  low-to- high  CA2  transition 

-  00  Select  input  interrupt  handshaking 
01  Select  input  programmed  handshaking 
IX  SetCA2  to  X 


Sit  5 


.  Status  of  IRQA2 
Status  of  IRQA1 


Figure  8-22.  I/O  Port  A  Control  Register  Interpretation 


7    6    5    4     3    2     1     0 


□3 


u  a  ii 


it    ii    u    h    ii 


-Bit  No. 

-I/O  Port  B  Control  register 

-0  Disable  IRQB1 

1  Enable  IRQB1 

-  0  Set  bit  7  and  IRQB1  (if  enabled)  on  high-to-low  CB1  transition 
1  Set  bit  7  and  IRQB1  (if  enabled)  on  low-to-high  CB1  transition 

-  0  When  RSO.  RS1  =01  select  I/O  Port  B  Direction  register 
1  When  RSO,  RS1  =01  select  I/O  Port  B  Data  buffer 

-  0  Disable  IRQB2 
1   Enable  (RQB2 

-  0  Set  bit  6  and  IRQA2  (if  enabled) 
on  high-to-low  CA2  transition 
1  Set  bit  6  and  IRQA2  (if  enabled) 
on  low-to-high  CA2  transition 

»  00  Select  output  interrupt  handshaking        \ 
01   Select  output  programmed  handshaking V  Hit  5 
1X  SetCB2toX  ) 


>  Bit  5 


-Status  of  IRQB2 
»  Status  of  IRQ81 


Figure  8-23.  I/O  Port  B  Control  Register  Interpretation 

If  Control  register  bit  5  is  1.  then  Control  register  bits  4  and  3  take  on  a  second  .in- 
terpretation. If  Control  register  bits  5  and  4  are  both  1 .  then  control  signal  CA2/CB2  will 
be  output  at  all  times  with  the  level  of  control  bit  3.  

If  Control  register  bits  5  and  4  are  1  and  0  respectively, 
then  Control  register  bit  3  specifies  an  automatic 
handshaking  signal  sequence.  Let  us  describe  these  signal 
sequences. 


MC6820 

AUTOMATIC 

HANDSHAKING 
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Input  interrupt  handshaking  applies  to  I/O  Port  A  only,  and  may  be  illustrated  as 
follows: 


CA2  is  output  on  the  trailing  edge  of  E.  after  the  CPU  has  read  the  contents  of  the  I/O 
Port  A  data  buffer;  this  tells  external  logic  that  previously  input  data  has  been  read  and 
new  data  may  now  be  input  External  logic  receives  CA2  low,  and  upon  transmitting 
new  data  to  I/O  Port  A,  must  cause  an  active  interrupt  requesting  transition  of  input 
control  signal  CA1  What  constitutes  an  active  transition  will  be  determined  by  I/O  Port 
A  Control  register  bit  1.  When  external  logic  requests  an  interrupt  via  signal  CA1  CA2 
will  be  set  high  again 

Input  programmed  handshaking  applies  only  to  I/O  Port  Af  and  may  be  illustrated 
as  follows: 


Once  again  control  signal  CA2  is  output  low  when  I/O  Port  A  data  buffer  contents  are 
read  by  the  CPU.  This  tells  external  logic  that  previously  input  data  has  been  read  and 
new  data  may  be  input  External  logic  does  not  have  to  identify  newly  transmitted  data 
with  an  interrupt  request;  rather,  CA2  will  be  reset  as  soon  as  the  MC6820  is 
deselected.  Using  programmed  handshaking,  external  logic  may  use  the  CA2  low  pulse 
as  a  Write  strobe,  causing  new  data  to  be  input  to  I/O  Port  A. 
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Output  interrupt  handshaking  applies  only  to  I/O  Port  B,  and  may  be  illustrated  as 
follows: 


In  this  instance,  control  signal  CB2  is  output  low  on  the  high-to-low  transition  of  E 
following  a  Write  to  I/O  Port  A  Data  buffer.  In  other  words,  CB2  tells  external  logic  that 
new  data  has  been  output  to  I/O  Port  B  and  is  ready  to  be  read,  External  logic  tells  the 
MC6820  that  I/O  Port  B  contents  have  been  read  by  making  an  interrupt  requesting  ac- 
tive transition  of  the  CB1  signal.  Once  again,  I/O  Port  B  Control  register  bit  1  will  deter- 
mine what  constitutes  an  active  transition  of  the  CB1  signal  Program  logic  can  use  an 
interrupt  to  branch  to  a  program  which  outputs  the  next  byte  of  data  to  I/O  Port  B. 

Output  programmed  handshaking  applies  only  to  I/O  Port  B,  and  may  be  illustrated 
as  follows: 


CS0-CS1-CS2 


R/W 


CB2  makes  a  high-to-low  transition  when  data  is  written  into  the  I/O  Port  B  data  buffer, 
just  as  occurred  with  output  interrupt  handshaking,  However,  CB2  will  automatically  be 
set  to  1  as  soon  as  the  MC6820  is  deselected-  External  logic  can  use  the  CB2  low  pulse 
as  a  strobe,  causing  it  to  read  the  contents  of  I/O  Port  B. 

Many  other  handshaking  protocols  may  be  created  under  program  control.  The  four 
automatic  protocols  described  above  are  simply  four  situations  which  can  be  specified, 
and  which  will  subsequently  occur  without  further  program  intervention.  But  remem- 
ber, you  can  modify  the  level  of  control  signal  CA2/CB2  any  time  by  butputting  a  Con- 
trol code  with  bits  5  and  4  both  set  to  1 ;  CA2/CB2  will  then  take  the  level  of  Control 
code  bit  3  You  can  also  determine  the  conditions  which  will  cause  an  interrupt  request 
as  a  result  of  any  control  signal  transition. 
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THE  MC6850  ASYNCHRONOUS  COMMUNICATIONS 
INTERFACE  ADAPTER  (ACIA) 

The  MC6800  microcomputer  system  provides  separate  devices  supporting  syn- 
chronous and  asynchronous  serial  I/O.  The  MC6850,  which  we  are  about  to  describe, 
provides  asynchronous  serial  I/O.  The  XC6852,  which  we  will  describe  next,  supports 
synchronous  serial  I/O. 

Taken  together,  the  MC6850  and  XC6852  devices  are  approximately  equivalent 
to  the  8251  USART  which  is  used  in  8080A  microcomputer  systems. 

Figure  8-24  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
is  provided  by  the  MC6850  and  XC6852  devices. 

Having  separate  synchronous  and  asynchronous  serial  I/O  devices  has  advantages 
and  disadvantages,  when  compared  to  the  8251  USART  which  provides  both  sets  of 
logic  on  a  single  device  In  a  microcomputer  system  that  uses  either  asynchronous  or 
synchronous  serial  I/O,  but  not  both,  separate  devices  are  better,  because  they  come  in 
smaller  packages  and  require  less  space  on  a  PC  card.  If  your  microcomputer  system 
uses  both  synchronous  and  asynchronous  serial  I/O,  then  a  single  device  will  be  more 
economical 

When  comparing  the  MC6850  with  the  8251,  you  will  find  that  the  8251  offers 
more  asynchronous  serial  I/O  options,  but  it  is  harder  to  program.  In  fact,  you  must 
program  the  8251  defensively,  8251  statuses  and  control  signals  simply  prompt  your/ 
program  logic,  but  actually  do  nothing  within  the  8251  USART  itself,  When  using  the 
MC6850  and  XC6852,  that  is  not  the  case;  these  two  devices  are  much  easier  to 
program. 
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The  MC6850  ACIA  is  packaged  as  a  24-pin  DIP.  It  is  fabricated  using  N-channel 
silicon  gate  technology. 

A  single  +5V  power  supply  is  required. 

In  the  discussion  of  the  MC6850  that  follows  we  will  frequently  refer  to  the  8251 
USART  description  in  Chapter  4.  If  you  are  unfamiliar  with  asynchronous  serial  I/O 
devices  in  general,  see  Chapter  5  of  Volume  i,  then  read  the  description  of  the 
8251  USART  which  is  given  in  Chapter  4  of  this  book. 

THE  MC6850  ACIA  PINS  AND  SIGNALS 

MC6850  ACIA  pins  and  signals  are  illustrated  in  Figure  8-25.  Signals  may  be 
divided  into  the  following  four  categories: 

1)  CPU  interface  and  control  signals 

2)  Serial  input 

3)  Serial  output 

4)  Modem  control 

We  will  first  consider  CPU  interface  and  control  signals. 

DO  -  D7  constitutes  an  8-bit  bidirectional  Data  Bus  connecting  the  MC6850  with 
the  CPU. 

When  data  is  output  to  the  MC6850  by  the  CPU,  either  a  byte  of  parallel  data  or  a  Con- 
trol code  will  be  transmitted. 

A  byte  of  parallel  data  will  be  serialized  and  transmitted  according  to  the  protocol 
which  has  been  selected  under  program  control. 

Either  data  or  status  may  be  input  from  the  MC6850  ACIA  to  the  CPU  via  the  Data  Bus. 
Data  consists  of  an  8-bit  parallel  data  unit  extracted  from  the  serial  input  data  stream 
Status  consists  of  the  contents  of  the  ACIA  Status  register. 

The  Status  register  of  the  MC6850  ACIA  is  very  important,  because  the  MC6850  uses 
status  flags  where  the  8251  uses  control  signals  to  monitor  serial  data  transfer 
logic. 

The  MC6850  ACIA  is  accessed  by  the  CPU  as  two  memory  locations.  MC6850  select 
logic  consists  of  the  three  chip  select  signals  CSO,  CS1  and  CS2;  manufacturers' 
literature  also  refers  to  the  enable  signal  E  as  being  part  of  the  chip  select  logic; 

however.  E  is  more  accurately  visualized  as  an  internal  synchronization  signal 
For  the  MC6850  ACIA  to  be  selected,  CSO  and  CS1  must  be  input  high  while  CS2  is 
simultaneously  input  low.  Once  selected,  the  register  select  signal  RS  determines 
which  of  the  two  addressable  locations  within  the  MC6850  ACIA  will  be  ac- 
cessed. When  RS  is  low,  a  Read  will  access  the  ACIA  Status  register,  while  a  Write  will 
access  the  ACIA  Control  register.  When  RS  is  high,  ACIA  data  buffers  will  be  addressed. 
While  the  MC6850  ACIA  is  selected,  internal  logic  is  synchronized  on  the  trailing  edge 
of  the  E  signal.  E  is  a  standard  output  of  the  various  MC6870  clock  devices  used  to  syn- 
chronize support  logic  throughout  an  MC6800  microcomputer  system 

RArV  is  the  controljnput  which  determines  whether  a  Read  or  Write  operation  is  in 
progress.  When  R/W  is  high,  the  CPU  is  reading  data  out  of  the  MC6850.  When  R/W  is 
low,  the  CPU  is  writing  data  to  the  MC6850. 

The  MC6850  has  no  RESET  input;  a  Control  code  is  used  as  a  master  Reset.  When 
power  is  first  detected  within  the  MC6850.  internal  logic  automatically  initiates  a  Reset 
sequence.  Subsequently,  before  initializing  the  MC6850  for  serial  data  transfer  you 
should  again  reset  the  device  by  inputting  a  Reset  Control  code. 
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MC6850  DATA  TRANSFER  AND  CONTROL  OPERATIONS 

There  are  a  number  of  buffers  through  which  data  flows  in  and  out  of  the  MC6850 
ACIA.These  data  flows  may  be  Illustrated  as  follows: 


Parallel 
Data  In 


.  Parallel 
Data  Out 


Control 
Code 


**    -♦♦ 
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Buffer 
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Register 
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Serial 
data 
input 


Serial 
data 
output 


Buffer  names  in  the  illustration  above  conform  with  terminology  used  for  the 
8251  in  Chapter  4;  this  will  make  it  easier  for  you  to  compare  the  two  devices. 

Like  the  8251,  the  MC6850  has  double  buffered  serial  input  and  output  logic.  As  de- 
scribed for  the  8251,  while  a  data  byte  is  being  serialized  and  output  from  Buffer 
TB,  you  must  simultaneously  write  the  next  data  byte  to  Buffer  TA.  Also,  while  a 
serial  data  byte  is  being  assembled  in  Buffer  RB,  you  must  read  the  previously  as- 
sembled data  byte  out  of  Buffer  RA. 

Unlike  the  8251,  the  MC6850  has  a  separate  Control  register.  You  can  therefore 
write  Control  codes  and  read  status  at  any  time  without  fear  of  scrambling  data  waiting 
to  be  transmitted. 


MC6850 
SERIAL  I/O 
DATA  AND 
CONTROL 
.SIGNALS 


As  compared  to  the  8251,  the  MC6850  has  very  elementary  serial 
I/O  logic. 

TxCLK  is  an  externally  provided  clock  signal  which  times  the 
serial,  asynchronous  data  stream  which  is  output  via  TxD. 

Similarly,  RxCLK  is  an  externally  provided  clock  signal  which 
times  the  serial,  asynchronous  data  stream  which  is  input  via 
RxD. 

There  are  no  control  signals  accompanying  serial  I/O  data;  rather,  a  single  interrupt 
request  signal  is  shared  by  all  transmit  and  receive  conditions.  You  have  to  write  an  in- 
terrupt service  routine  which  reads  the  contents  of  the  MC6850  Status  register,  and 
thus  determine  which  one  of  the  many  serial  data  transfer  interrupt  request  conditions 
has  occurred. 
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The  fact  that  you  must  execute  instructions  to  duplicate  the  logic  which  the  8251  pro- 
vides with  its  TxRDY,  RxRDY  and  TxE  signals  will  certainly  make  an  MC6800 
microcomputer  system  less  attractive  in  an  application  that  makes  heavy  use  of  serial 
I/O.  Conversely,  the  MC6800  system  will  appear  more  attractive  in  simple  applications, 
since  you  have  less  interface  circuitry  to  be  concerned  with. 

Three  modem  control  signals  are  provided:  Clear  To  Send 
(CTS),  Request  To  Send  (RTS),  and  Data  Carrier  Detect  (DCD). 

CTS  and  RTS  are  identical  to  the  signals  with  the  same  names  de- 
scribed in  Volume  I,  Chapter  5  for  the  general  case,  and  in  Chapter 
4  of  this  book  for  the  8251. 


MC6850 
MODEM 
CONTROL 
SIGNALS 


RTS  is  output  by  the  MC6850  under  program  control  when  the  MC685Q  is  ready  to 
transmit  data  A  full  duplex  line  turns  RTS  around  and  sends  it  back  as  CTS,  a  half 
duplex  line  returns. CTS  after  two  milliseconds 

DCD  is  equivalent  to  the  standard  DTR  signal  The  MC6850  has  no  Data  Set  Ready 
(DSR)  signal;  this  is  the  signal  which  ma-ny  serial  I/O  devices  transmit  to  modems  or  any 
external  receiving  logic  when  ready  to  commence  with  serial  data  communications 
When  using  an  MC6850,  RTS  must  serve  double  duty,  additionally  substitutina  for 
DSR.  y 

Even  though  the  MC6850  has  only  three  of  the  normal  four  control  signals,  these 
signals  work  hard  within  the  MC6850. 

The  DCD  input  must  be  low  for  serial  transmit  logic  within  the  MC6850  to  be  enabled 
This  is  true  also  of  the  equivalent  825 1  DSR  signal,  however,  if  the  DCD  signal  makes  a 
low-to-high  transition,  the  MC6850  will  generate  an  interrupt  request,  thus  effectively 
halting  serial  data  output  A  low-to-high  DCD  transition  implies  that  the  modem  has,  for 
some  reason,  disconnected  itself,  any  further  data  transfer  will  be  lost  In  the  case  of  the 
8251,  if  a  modem  disconnects  itself  and  DSR  goes  high,  this  condition  will  be  reflected 
in  a  Status' register  flag,  but  unless  the  CPU  executes  instructions  to  read  the  Status 
register  and  test  for  this  condition,  the  8251  will  continue  transmitting  data —even 
though  the  receiving  end  is  dead 

The  MC6850  uses  CTS  high  to  prevent  the  Status  register  from  reporting  a  "Transmit 
Register  Empty"  condition.  The  MC6800  CPU  determines  when  to  send  another  byte  of 
data  to  the  MC6850  by  testing  the  Status  register,  and  looking  for  a  "Transmit  Register 
Empty"  condition  If  this  condition  never  gets  reported,  no  data  will  ever  be  uselessly 
transmitted.  Contrast  this  with  8251  logic,  where  a  misprogrammed  8251  can  and  will 
continue  to  transmit  data  after  CTS  has  gone  high 
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MC6850  ACIA  CONTROL  CODES  AND  STATUS  FLAGS 

Let  us  now  examine  the  way  in  which  the  MC6850  Control  and  Status  registers 
are  interpreted. 

Here  is  the  Control  register  interpretation: 

7    6    5    4    3    2    10  -* Bit  No. 


|      |      |      |      |      |      |      |      |  ■«*  Control  register 


MC6850 

CONTROL 
REGISTER 


00  lsosynchronous,-M  clock  rate 

01  -M  6  clock  rate 
10-T-64  clock  rate 
1 1  Master  Reset 

000  7  bits,  even  parity,  2  stop  bits 

001  7  bits,  odd  parity,  2  stop  bits 

010  7  bits,  even  parity,  1  stop  bit 

011  7  bits,  odd  parity,  1  stop  bit 

100  8  bits,  no  parity,  2  stop. bits 

101  8  bits,  no  parity,  1  stop  bit 
110  8  bits,  even  parity,  1  stop  bit 
1118  bits,  odd  parity,  1  stop  bit 

00  RTS  low,  disable  transmit  interrupt  logic 

01  RTS  low,  enable  transmit  interrupt  logic 

10  RTS  high,  disable  transmit  interrupt  logic 

1 1  RTS  low,  disable  transmit  interrupt  logic,  output  break  level 
0  Disable  receive  interrupt  logic 

1  Enable  receive  interrupt  logic 

The  CPU  neither  sends  nor  receives  the  parity  bit  The  MC6850  adds  the  parity  bit  to 
transmitted  data  and  strips  or  resets  the  parity  bit  in  received  data  before  it  goes  to  the 
CPU. 

Control  register  bits  0  and  1  determine  the  data  transfer  clock  rate  Recall  that  serial 
data  is  usually  transmitted  or  received  at  1/1 6th  or  1/64th  of  the  clock  rate,  TxCLK  or 
RxCLK.  Transferring  serial  data  at  the  exact  clock  rate  is  referred  to  as  isosynchronous 
data  transfer. 


The  master  reset  Control  code  substitutes  for  the  normal  reset  MC6850 

input  signal,  which  the  MC6850  lacks.  A  master  reset  clears  all  SYSTEM 

MC6850  registers,  with  the  exception  of  Status  register  bit  3,  RESET 
which  is  unaltered  . 

Control  register  bits  2,  3  and  4  identify -data  bit,  stop  bit  and  parity  options  Compared 
to  the  8251,  MC6850  options  are  somewhat  limited,  five  and  six  data  bits  are  not  pro- 
vided and  you  cannot  select  1.5  stop  bits 

Control  register  bits  5  and  6  are  transmit  logic  control  bits. 
Control  register  bit  7  is  a  receive  logic  control  bit. 

Transmit  logic  consists  of  the  RTS  modem  control  and  various 
transmit  conditions  that  can  cause  an  interrupt  request 

Receive  control  logic  consists  of  various  receive  conditions  that  can  cause  an  interrupt 

request. 


MC6850 
SERIAL  I/O 
CONTROL 
LOGIC 


Interrupt  logic  of  the  MC6850  is  an  integral  part  of  status  MC6850 

logic.  Conditions  that  can  result  in  an  interrupt  request  are  INTERRUPT 

therefore  summarized  below  along  with  a  definition  of  Status  LOGIC 

register  bits.  A  "T"  is  placed  in  those  bit  positions  that  can  result  ^m—-mm—m 

in  an  interrupt  request  from  transmit  logic,  An  "R"  is  placed  in  those  bit  positions  that 
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can  result  in  an  interrupt  request  from  receive  logic.  Status  register  bit  positions  that 
have  neither  a  "T"  nor  an  "R"  identify  conditions  that  do  not  result  in  interrupt  re- 
quests 

ln  those  bit  positions  containing  a  "T"  or  an  "FT.  a  1  causes  an  interrupt  request  to  oc- 
cur. DCD  (bit  3)  is  an  exception,  here  it  is  the  transition  from  0  to  1  that  causes  an  inter- 
rupt request.  In  each  case,  the  interrupt  request  will  only  occur  if  interrupt  logic  has 
been  enabled.  If  you  look  back  at  the  Control  register,  you  will  see  that  transmit  and 
receive  interrupt  logic  can  be  enabled  and  disabled  separately.  Control  register  bits  5 
and  6  determine  whether  transmit  interrupt  logic  is  enabled,  while  Control  register  bit  7 
determines  whether  receive  interrupt  logic  is  enabled.  Note  that  the  condition  of  Status 
register  bit  3  can  also  disable  a  TDRE  interrupt  request 

When  an  interrupt  request  occurs,  the  requesting  condition  is  cleared  in  various  ways 
depending  upon  where  the  request  originated 

An  RDRF  interrupt  request  will  be  cleared  if  the  CPU  reads  data  from  the  MC6850,  or  if 
a  reset  Control  code  is  output. 

A  TDRE  interrupt  request  will  be  cleared  by  writing  data  to  the  MC6850  or  by  issuing  a 
reset  Control  code 

Interrupts  requested  by  DCD  or  OVRN  are  cleared  by  reading  the  Status  register  after 
the  error  condition  has  occurred,  and  then  reading  the  Data  register  A  Master  Reset 
will  also  clear  these  interrupt  requests. 

Let  us  now  take  a  closer  look  at  the  Status  register  itself  This  is  how  register  bits  are 
interpreted: 


■Bit  No. 
Status  register 

RDRF,  Receive  Data  register  full 

TDRE,  Transmit  Data  register  empty 

DCD,  Data  Carrier  Detect  signal  status 

CTS,  Clear  To  Send  signal  status 

FE,  Framing  Error 

OVRN,  Receiver  overrun  error 

PE,  Parity  Error 

IRQ,  interrupt  request 


(1  in  a  bit  position  represents  "true"  condition  for  bits  7,  6,  5,  4,  1  and  0.) 

Status  register  bit  0,  Receive  Data  Register  Full,  goes  to  1  when  a  byte  of  assem 
bled  data  is  transferred  from  Receive  register  RB  to  Receive  register  RA.  Bit  0  is  cleared 
as  soon  as  the  CPU  reads  the  contents  of  Register  RA  The  DCD  modem  control  signal, 
when  high,  forces  Status  register  bit  0  to  stay  low  so  that  the  CPU  will  not  attempt  to 
read  nonexistent  data. 

Status  register  bit  1,  Transmit  Data  Register  Empty,  goes  from  0  to  1  as  soon  as 
data  is  transferred  from  Register  TA  to  Register  TB.  This  bit  is  reset  to  0  as  soon  as  the 
CPU  writes  another  bit  of  data  into  Register  TA 
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Status  register  bit  2,  Data  Carrier  Detect,  is  used  by  the  MC6800  to  determine  the 
status  of  external  logic  communicating  with  the  MC6850.  When  DCD  makes  a  low-to- 
high  transition,  an  interrupt  request  is  generated  and  Status  register  bit  2  goes  high.  Bit 
2  remains  high  until  the  Status  register  contents  are  read  by  the  CPU  after  DCD  has 
gone  low  again.  A  Reset  will  also  set  Status  register  bit  2  to  0.  If  the  CPU  reads  the 
Status  register  while  DCD  is  high,  then  subsequently  Status  register  bit  2  will  track  the 
DCD  level;  however,  another  interrupt  will  not  be  requested.  It  is  the  actual  low-to-high 
transition  of  the  DCD  signal  which  causes  an  interrupt  request  not  a  high  level  of 
Status  register  bit  2. 

Status  register  bit  3,  Clear  To  Send,  tracks  the  CT5  modem  control  input.  MC6850 
logic  uses  Status  register  bit  3  to  inhibit  serial  data  transfer  when  external  receiving 
logic  is  not  ready  to  receive  the  serial  data.  When  CTS  is  high,  Status  register  bit  1  will 
be  held  low.  A  TDRE  interrupt  request  cannot  occur,  and  program  logic  which  tests 
Status  register  bit  1  will  not  transmit  another  data  byte  to  Register  TA  until  it  detects  a 
1  in  Status  register  bit  1  Thus,  for  as  long  as  CTS  is  high,  serial  transmit  logic  will  be  in- 
hibited. 

Status  register  bits  4,  5  and  6  report  framing,  overrun  and  parity  errors,  respec- 
tively. Recall  that  a  framing  error  is  reported  when  start  and  stop  bits  do  not  correctly 
frame  a  data  character;  a  framing  error  refers  to  the  data  byte  currently  waiting  to  be 
read  out  of  RA  An  overrun  error  is  reported  if  the  CPU  does  not  read  Register  RA  con- 
tents before  a  byte  of  data  is  transferred  from  Register  RB  to  Register  RA.  A  parity  error 
is  reported  if  parity  has  been  enabled  by  Control  register  bits  2,  3  and  4,  but  the  wrong 
parity  is  detected, 

A  framing  or  parity  error  is  automatically  reset  as  soon  as  the  erroneous  data  is  read  out 
of  Register  RA,  or  is  overwritten. 

An  overrun  error  is  cleared  by  reading  data  from  the  MC6850. 

Status  register  bit  7,  Interrupt  Request,  is  1  whenever  there  is  an  unacknowledged 
interrupt  request  pending  at  the  MC6850  device.  One  method  that  an  MC6800  will  use 
to  determine  the  source  of  an  interrupt  request  is  to  read  device  Status  registers.  If  the 
MC6850  has  no  other  method  of  identifying  itself  to  the  CPU  when  requesting  an  inter- 
rupt, then  the  CPU  determines  whether  the  MC6850  was  the  requesting  device  by 
reading  the  contents  of  the  MC6850  Status  register  and  testing  the  condition  of  bit  7. 

THE  XC6852  SYNCHRONOUS  SERIAL  DATA 
ADAPTER  (SSDA) 

The  XC6852  SSDA  provides  MC6800  microcomputer  systems  with  synchronous 
serial  I/O  logic. 

The  XC6852  SSDA  may  be  looked  upon  as  a  companion  device  to  the  MC6850 
ACIA  which  we  have  just  described.  Taken  together,  these  two  devices  provide 
MC6800  microcomputer  systems  with  total  serial  I/O  capability. 

Figure  8-24  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
is  provided  by  the  MC6850  and  XC6852  devices. 

The  most  striking  difference  between  the  MC6850  and  the  XC6852  is  their 
respective  capabilities.  Whereas  the  MC6850  offers  fewer  asynchronous  serial 
I/O  options  than  the  8251  USART  (described  in  Chapter  4),  the  XC6852  offers  sig- 
nificantly more  synchronous  serial  I/O  options.  Moreover,  the  XC6852  provides 
additional  serial  I/O  options  without  the  penalty  of  defensive  programming  which 
is  demanded  by  the  8251  USART. 


8-69 


The  XC6852  SSDA  is  packaged  as  a  24  pin  DIP.  It  is  fabricated  using  IM-channel 
silicon  gate  technology. 

A  single  +5V  power  supply  is  required. 

In  the  discussion  of  the  XC6852  that  follows,  we  will  frequently  refer  to  the  8251 
USART  description  given  in  Chapter  4.  If  you  are  unfamiliar  with  synchronous 
serial  I/O  devices  in  general,  see  Chapter  5  of  Volume  I,  then  read  the  description 
of  the  8251  USART  which  is  given  in  Chapter  4  of  this  book. 


Pin  Name 

Description 

Type 

D0-D7 

Data  Bus  to  CPU 

Tristate,  bidirectional 

CS 

Chip  Select 

Input 

E 

Internal  synchronization 

Input 

RS 

Register  Select 

Input 

R/W 

Read/Write  control 

Input 

TxCLK 

Transmit  Clock 

Input 

TxD 

Transmit  Data 

Output 

RxCLK 

Receive  Clock 

Input 

RxD 

Receive  Data 

Input 

RESET 

Master  Reset 

Input 

DCD 

Data  Carrier  Detect 

Input 

CTS 

Clear  To  Send 

Input 

SM/DTR 

Sync  Match/Data  Terminal  Ready 

Output 

TUF 

Transmitter  Underflow 

Output 

IRQ 

Interrupt  request 

Output 

vdd,  vss 

Power  and  Ground 

Figure  8-26    XC6852  SSDA  Signals  And  Pin  Assignments 

XC6852  SSDA  PINS  AND  SIGNALS 

XC6852  SSDA  pins  and  signals  are  illustrated  in  Figure  8-26.  Most  of  these  sig 
nals  are  identical  to  those  illustrated  in  Figure  8-25  for  the  MC6850,  therefore  we 
will  only  describe  four  signals  which  differ. 

The  XC6852  has  a  master  Reset  input,  which,  when  input  low,  logically  resets  the 
XC6852.  We  will, define  how  a  Reset  occurs  after  describing  the  XC6852  controls  and 
status  flags  affected  by  a  Reset 

The  Data  Carrier  Detect  (DCD)  modem  control  input  performs  two  functions.  The 

normal  function  of  DCD  is  to  serve  as  a  control  signal  transmitted  by  an  external  data 
carrier  which  is  ready  to  transmit  serial  data  to  the  XC6852  SSDA.  Both  the  high-to-low 
and  the  low-to-high  transitions  of  DCD  have  additional  significance.  The  high-to-low 
signal  transition  can  optionally  be  used  as  an  external  synchronization  indicator,  while 


8-70 


a  subsequent  low-to-high  transition  is  an  error  indicator,  signalling  an  unexpected  dis- 
connect: 


Rising  edge  of  RxCLK  following  falling  edge  of  An    untimely    low-to-high    transition    of    DCD 

DCD  can  serve  as  external  synchronization,  mark-  means  the  transmitter  got  disconnected  unex- 

ing  the  start  of  data  bits  incoming  on  RxD.  pectedly. 

Using  the  high-to-low  DCD  pulse  for  external  synchronization  is  a  programmable  op- 
tion The  error  condition  reported  if  DCD  makes  an  unexpected  low-to-high  transition  is 
not  a  programmable  option;  it  is  a  permanent  part  of  the  XC6852  error  detection  logic. 

Clear  To  Send  (CTS)  is  the  modem  control  signal  which  is  normally  input  by  external 
receiving  logic,  indicating  that  the  XC6852  may  begin  transmitting  serial  data.  Like 
DCD,  the  CTS  high-to-low  transition  can  be  used  to  synchronize  the  beginning  of  data 
transmission;  the  low-to-high  transition  of  CTS  is  an  error  indicator.  Once  again,  using 
the  high-to-low  CTS  pulse  to  provide  external  transmit  synchronization  is  a  programma- 
ble option.  However,  an  untimely  low-to-high  transition  of  CTS  is  an  error  indicator  only 
if  internal  synchronization  is  being  used.  Therefore,  if  the  high-to-low  CTS  transition  is 
active,  then  the  low-to-high  subsequent  transition  must  be  inactive;  conversely,  if  the 
high-to-low  CTS  transition  is  inactive,  then  a  subsequent  low-to-high  transition  will  be 
active.  This  is  because  the  high-to-low  transition,  if  active,  means  that  external  syn- 
chronization has  been  selected  —  in  which  case  the  disconnect  error  logic  is  inactive 

Note  that  whereas  the  CTS  signal  Iow-to-high  transition  is  only  active  during  internal 
synchronization  operations,  the  DCD  Iow-to-high  transition  is  active  at  all  times.  This 
means  that  external  logic  disconnecting  itself  during  a  serial  transmit  operation 
will  only  cause  an  error  to  be  indicated  if  external  synchronization  has  been 
selected.  On  the  other  hand,  during  a  serial  receive  operation,  if  external  logic  dis- 
connects itself,  an  error  will  be  indicated  whether  internal  or  external  syn- 
chronization has  been  selected. 
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Since  DCD  and  CTS  can  both  be  used  for  external  synchronization,  as  we  might  expect 
DTR  also  serves  a  double  function.  Under  normal  circumstances,  DTR  will  be  output 
low  by  the  XC6852  when  it  is  ready  either  to  transmit  or  to  receive  serial  data.  If  the 
XC6852  has  output  DTR  low  before  transmitting  serial  data,  then  the  receiving  data 
carrier  will  turn  DTR  around  and  send  back  a  high-to-low  DCD  pulse  a^  we  illustrated.  If 
you  have  selected  external  synchronization  under  program  control,  then  you  can  addi- 
tionally program  DTR  to  output  a  single  high  pulse  as  soon  as  synchronization  has  been 
detected.  This  may  be  illustrated  as  follows: 


XC6852  wants  to 


Data  carrier  says  it  is 
ready  to  transmit  data 


XC6852  says  it  has  detected 
external  synchronization 


SM/DTR 


Rising  edge  of  RxCLK  following  falling  edge  of 
DCD  can  serve  as  external  synchronization,  mark- 
ing the  start  of  data  bits  incoming  on  RxD, 


An  untimely  low-to-high  transition  of  DCD 
means  the  transmitter  got  disconnected  unex- 
pectedly. 


Because  DTR  also  acts  as  a  Sync  Match  acknowledge,  it  is  referred  to  as  SM/DTR, 

When  the  XC6852  transmits  serial  data,  it  transmits  the 
least  significant  bit  first.  The  XC6852  also  expects  to 
receive  the  least  significant  bit  first  when  receiving  serial 
data. 


XC6852 

SERIALIZATION 

SEQUENCE 


Transmitter  Underflow  (TUF)  is  the  fourth  unique  XC6852  signal.  This  signal  is  out- 
put when  an  underflow  condition  occurs  during  serial  synchronous  data  transmission. 
Recall  that  during  serial  synchronous  data  transmission,  if  serial  transmit  logic  finds  no 
data  ready  to  be  output  then  in  order  to  maintain  synchronization,  a  break  character  or 
a  Sync  character  will  be  output.  A  break  character  is  a  continuous  high  level,  equivalent 
to  FF-]  q.  A  Sync  character  will  have  some  predefined  binary  pattern,  Providing  you  have 
programmed  the  XC6852  to  output  Sync  characters  when  no  valid  data  is  ready  for 
serial  transmission,  the  XC6852  will  precede  each  Sync  character  with  a  high  TUF 
pulse.  External  receive  logic  can  use  a  high  TUF  pulse  as  an  indicator  that  the  next 
received  character  is  a  Sync  and  can  be  discarded. 

XC6852  DATA  TRANSFER  AND  CONTROL  OPERATIONS 

Like  the  MC6850,  the  XC6852  SSDA  is  accessed  via  two  memory  addresses; 
however,  these  two  memory  addresses  are  shared  by  seven  locations  within  the 
XC6852,  which  results  in  a  complex  set  of  data  flows,  as  illustrated  in  Figure 
8-27. 
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Status  Control 

Out  Code  1 


it 

it 

I 

.ower  Address 

Ji 

if 

Control 

) 

1     0 

Status 

'               Code  1 
7    6    5    4     3    2 

r»i*i  1 1 1 1 1 

-XX  =00' 


Iff 

-XX  =oi" 


m-XX  =  10| 


tt 

-XX  =  11 


Write  Parallel 

Data  Data  in 


Higher  Address 


Control 
Code  2 


Control 
Code  3 


Sync 
Code 


Buffer 
TA 


IByte  to  transmit, 


Buffer 
TT 


Byte  to  transmit 


Buffer 
TB 


I 


Buffer 
RA 


Byte  Received 


Buffer 
RT 


Byte  Received 


Buffer 
RB 


Serial  data 
input 


Serial  data 
output 

Figure  8-27.  Data  Flows  Within  An  XC6852  SSDA 
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These  are  the  seven  addressable  locations  of  the  XC6852: 

1)  Data  input  —  a  read  only  location 

2)  Data  output  —  a  write  oniy  location 

3)  Status  register  —  a  read  only  location. 

4)  Sync  Code  register  —  a  write  only  location 

5,  6,  and  7}     Three  Control  registers  —  all  are  write  only  locations 

Data  input  and  data  output  are  self-evident;  apart  from  being  triple  buffered  —  and  we 
will  discuss  the  implications  of  triple  buffering  shortly  —  there  is  nothing  unusual 
about  XC6852  data  input  or  output 

The  Status  register  is  absolutely  standard. 

The  three  8-bit  Control  registers  provide  the  XC6852  with  a  substantial  variety  of 
control  options,  as  compared  to  -the  MC6850.  which  was  somewhat  limited  in  this 
respect 

The  Sync  Code  register  stores  the  8-bit  synchronization  character  code;  this  is  the 
character  which  must  appear  at  the  beginning  of  any  synchronous  serial  data  stream 
and  may  also  be  transmitted  when  data  is  unavailable  during  a  norma!  transmit  se- 
quence 

Of  the  seven  addressable  locations,  two  are  read  only,  while  five  are  write  only..  Each 
memory  address  can  access  two  locations,  providing  one  is  exclusively  read  only, 
while  the  other  is  exclusively  write  only.  Since  there  are  just  two  read  only  locations, 
one  is  assigned  to  each  memory  address  Since  there  are  five  write  only  locations,  one 
(Control  Code  1)  is  assigned  to  the  lower  address,  which  leaves  four  assigned  to  the 
higher  address;  the  two  high  order  bits  of  Control  Code  1  are  used  to  select  one  of  the 
four  write  only  locations  assigned  to  the  higher  address  While  this  may  look  like  a  com- 
plex scheme,  in  reality  it  is  not;  all  it  means  is  that  you  have  to  observe  a  rigid  program- 
ming sequence  when  using  an  XC6852  In  fact,  understanding  the  XC6852  depends 
completely  on  understanding  the  Control  and  Status  registers;  therefore  we  will  de- 
scribe these  registers  first,. then  look  at  data  transfer  sequences. 

XC6852  STATUS  REGISTER 

The  XC6852  Status  register  may  be  illustrated  as  follows: 


Bit  No. 

XC6852  Status  register 

RDA„  Receive  data  available;  read  RA 
TDA.  Transmit  data  register  available;  write  to  TA 
DCD„  Data  Carrier  Detect  signal  status 
CTS.  Clear  To  Send  signal  status 
TUF,  Transmitter  Underflow  error  indicator 
OVRN.  Overrun  error  indicator 
PE~  Parity  Error  indicator 
IRQ.  Interrupt  request  status 
(1  in  a  bit  position  represents  "true"  condition  for  bits  7,  6,  5,  4,  1  and  OJ 
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XC6852 
TRIPLE 
DATA 
BUFFERS 


Conditions  that  may  generate  interrupts  are  marked  with  letters  in  appropriate 
Status  register  bit  positions.  An  interrupt  request  initiated  by  an  error  condition  is 
represented  by  the  letter  E.  Interrupt  requests  originating  at  transmit  or  receive  logic  are 
represented  by  the  letters  T  and  R,  respectively. 

Status  register  bit  0  (RDA)  indicates  when  the  XC6852  Status 
register  has  a  byte  of  data  ready  to  be  read.  Similarly  Status 
register  bit  1  (TDA)  indicates  when  the  XC6852  is  ready  to 
receive  another  byte  of  data  which  will  be  output  as  a  serial  data 
stream. 

As  indicated  in  Figure  8-27,  XC6852  transmit  and  receive  logic  is  triple  buffered  This 
differs  from  the  MC6850  which  uses  double  buffering 

You  can  use  the  triple  buffering  of  the  XC6852  in  one  of  two  ways  which  you 
select  using  appropriate  Control  register  codes. 

You  can  select  a  single  byte  option,  in  which  case  as  soon  as  a  single  byte  of  data  can 
be  written  to  Buffer  TA  or  read  from  Buffer  RA,  the  appropriate  status  flag  will  be  set  — 
and  if  interrupts  are  enabled,  an  interrupt  request  will  be  made  to  the  CPU.  The  pro- 
gram controlling  XC6852  operation  must  respond  by  reading  or  writing  a  single  byte  of 
data.  A  byte  of  data  written  to  Buffer  TA  will  automatically  be  rippled  through  Buffer  TT 
to  Buffer  TB,  whence  it  will  output  as  a  serial  data  stream  Data  arriving  at  Buffer'RB  will 
be  rippled  through  Buffer  RT  to  Buffer  RA,  whence  it  must  be  read  by  the  CPU 

If  you  select  the  two  byte  option  under  program  control,  then  no  status  flags  will  be 
set,  nor  will  interrupt  requests  occur  until  two  of  the  three  8-bit  buffers  are  empty. 
Thus,  status  bit  0  will  be  set  and  a  receive  interrupt  request  will  occur  when  Buffers  RA 
and  RT  are  both  full  Under  program  control  you  must,  at  this  time,  read  two  bytes  of 
data,  So  long  as  a  single  pulse  of  the  timing  E  signal  separates  the  two  read  commands, 
XC6852  logic  will  transfer  Buffer  RT  contents  to  Buffer  RA  so  that  the  second  read  ac- 
cesses what  had  been  in  Buffer  RT  In  fact,  you  should  read  RA  contents,  then  status, 
then  RA  contents  again  If  there  are  errors  associated  with  the  data  byte  in  RT,  they  will 
not  be  reported  until  RT  contents  have  been  transferred  to  RA 

When  using  the  two  byte  option  with  transmit  logic,  Status  register  bit  1  will  not  be  set 
and  the  appropriate  interrupt  request  will  not  occur  until  Buffers  TA  and  TT  are  both 
empty  At  this  time  the  executing  program  must  write  two  bytes  of  data  to  the  higher 
XC6852  address,  while  Control  code  1,  bits  7  and  6  are  both  1  The  first  byte  of  data 
written  to  the  higher  XC6852  address  will  store  data  in  Buffer  TA  The  next  pulse  of  the 
E  clock  will  transfer  the  contents  of  Buffer  TA  to  Buffer  TT  The  second  write  will  again 
load  Buffer  TA  whose  previous  contents  are  now  in  Buffer  TT 

Status  register  bits  2  and  3  are  associated  with  signals  DCD  and  CTS,  respec- 
tively. If  DCD  or  CTS  makes  a  low-to-high  transition,  then  its  corresponding  Status 
register  bit  will  latch  high  —  that  is,  it  will  maintain  a  level  of  1  until  it  is  reset  by  the 
CPU  Once  bit  2  (or  3)  has  been  reset,  it  will  track  DCD  (or  CTS)  until  the  next  low-to- 
ri fgh  transition 

Note  that  in  Sync  mode,  if  Status  register  bit  3  is  1 ,  then  Status  register  bit  1  will 
be  held  at  0;  this  is  how  the  XC6852  suppresses  subsequent  transmit  logic. 

Status  register  bits  4,  5  and  6  indicate  Underflow,  Overrun  or  Parity  errors, 
respectively. 

An  Underflow  error  occurs  when  transmit  logic  does  not  have  a  byte  of  data  ready  to 
transmit  and  has  to  insert  a  Sync  character  The  Underflow  error  is  reported  just  before 
the  Sync  character  is  transmitted  When  Status  register  bit  4  is  set,  the  TUF  signal  is 
simultaneously  pulsed  high 
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An  Overrun  error  occurs  when  a  byte  of  data  is  written  into  Buffer  RA  before  prior 
buffer  contents  have  been  read  An  Overrun  error  therefore  indicates  that  a  single  byte 
of  data  has  been  lost 

A  Parity  error  indicates  that  a  Parity  option  has  been  selected,  but  the  wrong  Parity 
was  detected  for  the  data  byte  currently  in  Buffer  RA 

These  three  error  conditions  are  completely  standard;  however,  the  way  they  are 
handled  within  the  XC6852  is  not  standard.  When  any  one  of  these  error  conditions 
occurs,  the  appropriate  Status  register  bit  will  be  set  and  simultaneously  an  interrupt 
request  will  be  generated,  providing  you  have  enabled  these  three  error  interrupts 

An  error  status  is  not  cleared  automatically  To  clear  Status  register  bits  4.  5  or  6,  you 
have  to  read  Status  register  contents,  then  issue  an  appropriate  Control  code  to  reset 
the  selected  bit 

We  can  summarize  the  functions  performed  by  XC6852  Status  register  bits  by 
looking  at  the  manner  in  which  each  bit  is  set  or  reset;  then  we  can  separately  ex- 
amine the  way  in  which  interrupt  logic  is  associated  with  each  status  bit  position. 
Table  8-6  summarizes  the  conditions  which  cause  each  bit  to  be  set  and  then 
reset.  Table  8-7  summarizes  interrupt  requests  associated  with  each  status  bit, 
indicating  the  way  the  interrupt  ts  enabled  or  disabled  and  the  way  in  which  an  inter- 
rupt request  occurs.  You  will  find  Table  8-7  following  the  three  Control  registers' 
description,  because  interrupt  logic  is  equally  dependent  upon  the  Status  register's 
contents  and  the  three-Control  registers'  contents 

THE  XC6852  CONTROL  REGISTERS 

Now  consider  the  three  XC6852  Control  registers. 

Control  register  1  is  normally  the  first  to  be  accessed  and  has  to  be  written  into  in  order 
to  select  any  other  write  only  XC6852  location  Control  register  1  format  may  be  il- 
lustrated as  follows: 


7    6    5    4    3    2 


m? 


1     0  - 


a  it  jiTT 


-  Bit  No. 

-XC6852  Control  Register  1 


■— RxRS,  Reset  and  inhibit  receive  logic 

—  TxRS.  Reset  and  inhibit  transmit  logic 

— STSYNC  Strip  SYNC  characters  when  detected 

— CLSYNC  Inhibit  all  SYNC  character  logic 

—TIE.  Enable  transmit  data  interrupts 

— RIE.  Enable  receive  data  interrupts 

!00  Select  Control  Code  2        \ 
01  Select  Control  Code  3         I  Hi9n  stress 
10  Select  Sync  Code  /  write 

1 1  Select  Transmit  Buffer  TA  I  select 


(1  in  a  bit  position  represents  "true"  condition  for  bits  5,  4,  3,  2,  1  and  0.) 

Control  register  1  /bits  0  and  1  reset  and  inhibit  receive  and  transmit  logic,  respec- 
tively.: You  use  these  two  Control  register  bits  in  order  to  disable  transmit  and  receive 
logic  while  modifying  the  contents  of  any  Control  register  or  the  Sync  register. 

Control  register  1,  bits  0  and  1  are  very  important.  It  is  easy  to  miss  the  signifi- 
cance of  these  two  control  bits.  If  you  always  inhibit  transmit  and  receive  logic  before 
modifying  the  contents  of  Control  or  Sync  registers,  you  can  make  sure  that  spurious 
data  is  never  transmitted  or  received  The  8251  USART  described  in  Chapter  4,  does 
not  have  any  inhibit  logic  of  this  type,  and  as  a  result,  you  have  to  adopt  elaborate  pre- 
cautions, to  avoid  data  transmission  errors 
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Table  8-6.  XC6852  Status  Register  Bit  Set/Reset  Conditions 


STATUS 

SET 

RESET 

RDA  -  Bit  0 

1)     If  Control  register  2  bit  2  is   1,  when 

1) 

Write  1  in  Control  register  1  bit  0. 

Buffer  RA  is  full. 

2) 

Read  Buffer  RA  contents. 

2)     If  Control  register  2  bit  2  is  0,  when 

Buffers  RA  and  RT  are  full. 

TDA  -  Bit  1 

1)     If  Control  register  2  bit  2  is   1   when 

1) 

1    occurs    in    Status    register    bit    5, 

Buffer  TA  is  empty. 

together  with  0  in  Control  register  3  bit 

2}     If  Control  register  2  bit  2  is  0  when 

0, 

Buffers  TA  and  TT  are  empty. 

2) 

Write  1  in  Control  register  1  bit  1. 

3) 

Write  into  Buffer  TA. 

DCD  -  Bit  2 

A  low-to-high  DCD  input  transition  when 

1) 

Head  Status  register,  then  read  Buffer 

Control  register  1  bit  0  is  0. 

RA.  Status  will  subsequently  go  low 
when  DCD  input  goes  low. 

2) 

Write  1   into  Control  register   1   bit  0. 
Status  will  subsequently  go  low  when 
DCD  input  goes  low. 

CTS-Bit  3 

A  low-to-high  CTS  input  transition  when 

1) 

Write    1    to   Control   register   3   bit   2. 

Control  register  1  bit  1  is  0. 

Status  will  subsequently  go  low  when 
CTS  input  goes  low. 

2) 

Write    1    into   Control    register    bit    1. 
Status  will  subsequently  go  low  when 
CTS  input  goes  low. 

TUF  -  Bit  4 

Underflow  when  Control  register  3  bit  0  is  0 

1) 

Write  1  into  Control  register  3  bit  3. 

and  Control  register  2  bit  6  is  1. 

2) 

Write  1  into  Control  register  1  bit  1. 

OVRN  -  Bit  5 

Buffer  RT  contents  is  transferred  to  Buffer 

1) 

Read  Status  register,  then  read  Buffer 

RA  before  Buffer  RA  contents  is  read  by 

RA 

CPU 

2) 

Write  1  into  Control  register  1  bit  0. 

FE  -  Bit  6 

Parity  error  for  data  in  RA,  providing  Control 

1) 

Read  data  out  of  Buffer  RA. 

register  2  bits  3,  4  and  5  identify  a  parity  op- 

2) 

Write  1  into  Control  register  1  bit  0. 

tion. 

IRQ  -Bit  7 

Any  interrupt  request  occurs. 

No  active  interrupt  requests  exist. 

While  transmit  and  receive  logic  is  inhibited.  Status  register  bits  2  and  3  will  still  track 
the  DCD  and  CTS  signals,  however,  no  data  transfers  will  occur  and  interrupts  associ- 
ated with  the  inhibited  logic  will  be  disabled 

Using  Control  register  1 ,  bits  0  and  1  to  inhibit  transmit  and/or  receive  logic  also  affects 
Status  register  bits  and  interrupt  requests,  as  summarized  in  Tables  8-6  and  8-7. 

Control  register  1,  bit  5  allows  you  to  enable  or  disable  receive  data  interrupt 
logic.  Control  register  1,  bit  4  allows  you  to  enable  or  disable  transmit  data  inter- 
rupt logic. 

There  is  no  connection  between  Control  register  1 ,  bits  0  and  1 .  and  Control  register  1 , 
bits  4  and  5~  Obviously,  if  transmit  or  receive  logic  has  been  inhibited,  then  it  makes  no 
difference  whether  interrupt  logic  has  been  enabled  or  disabled,  in  either  case  an  inter- 
rupt cannot  occur.  However,  if  transmit  or  receive  logic  is  enabled,  then  interrupt  logic 
may  be  separately  enabled  or  disabled 
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Control  register  1,  bits  2  and  3  determine  the  way  the  Sync  character  will  be 
handled.  If  Controi  register  bit  2  is  high,  then  all  Sync  characters  in  a  serial  receive  data 
stream  will  be  stripped,  so  that  only  non-Sync  characters  are  read  by  the  CPU.  If  Control 
register  1,  bit  2  is  low,  then  the  entire  data  stream  will  be  transmitted  to  the  CPU,  in- 
cluding data  and  Sync  characters  Note  that  the  initial  Sync  character  is  always  strip- 
ped. 

Control  register  1,  bit  3  allows  you  to  completely  inhibit  all  Sync  character  logic. 

Now  the  Sync  character  will  be  treated  as  any  other  character,  and  the  XC6852  must 
use  externa!  synchronization. 

Control  register  bits  6  and  7  determine  which  write  only  location  will  be  accessed 
when  the  CPU  writes  to  the  higher  memory  location  of  the  XC6852. 

Now  consider  Control  registers  2  and  3,  which  are  best  looked  upon  as  a  single 
12-bit  control  unit.  These  two  Control  registers  may  be  illustrated  as  follows: 

Bit  No. 

XC6852  Control  Register  2 


00  Output  continuous  high  at  SM/DTR 

01  Output  a  high  pulse  at  SM/DTR  upon  detecting  a  Sync  match 

10  Output  continuous  low  at  SM/DTR 

1 1  Output  a  continuous  low  at  SM/DTR  and  inhibit  Sync  match 

0  Read/Write  data  two  bytes  at  a  time 

1  Read/Write  data  one  byte  at  a  time 

000  Select  6  data  bits  plus  even  parity 

001  Select  6  data  bits  plus  odd  parity 

010  Select  7  data  bits  and  no  parity 

011  Select  8  data  bits  and  no  parity 

100  Select  7  data  bits  and  even  parity 

101  Select  7  data  bits  and  odd  parity 

110  Select  8  data  bits  and  even  parity 

1 1 1  Select  8  data  bits  and  odd  parity 

0  Transmit  break  code  (all  1  bits)  on  underflow 

1  Transmit  Sync  character  on  underflow 

0  Inhibit 

1  Enable  all  error  interrupt  requests 


7    6    5    4    3    2 


Qffi 


II    Ji    I 


1    0  - 


-Bit  No. 

-XC6852  Control  Register  3 


"0  Select  internal  Sync  mode 

1  Select  external  Sync  mode 
-0  Select  two  Sync  characters 

1  Select  one  Sync  character 
- 1  Clear  CTS  interrupt  request 
-  1  Clear  transmitter  underflow  interrupt  request 
"Unassigned 


Control  register  2,  bits  0  and  1,  and  Control  register  3,  bits  0,  1,  2  and  3  are  used 
to  define  synchronization  logic. 

Control  register  3,  bit  0  is  used  to  determine  whether  internal  or  external  synchroniza- 
tion will  be  employed.  If  internal  synchronization  is  selected,  then  Control  register  3,  bit 
1  determines  whether  one  or  two  Sync  characters  must  precede  a  serial  data  stream  for 
initial  synchronization  to  occur. 
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Control  register  2,  bits  0  and  1  must  now  be  set  so  that  SM/DTR  logic  conforms  to  the 
synchronization  options  selected  by  Control  register  3,  bits  0  and  1.  You  also  use  Con- 
trol register  2,  bits  0  and  1  to  select  the  signal  level  that  will  be  output  for  a  standard 
DTR  modem  control 

Control  register  2,  bits  2,  3,  4,  5  and  6  define  the  data  transfer  options. 

Recall  that  when  the  CPU  reads  received  data,  or  writes  data  to  be  transmitted,  data 
may  be  read  and  written  one  byte  at  a  time,  or  two  bytes  at  a  time  We  discussed  this 
option  when  describing  Status  register  bits  0  and  1  You  select  the  one  byte  or  two 
byte  mode  via  Control  register  2,  bit  2. 

Control  register  2,  bits H,  4  and  5  allow  you  to  define  the  number  of  data  bits  per, 
word,  and  parity  options.  These  are  standard  selections  which  have  been  described  in 
detail  in  Volume  I,  Chapter  5  Notice  that  the  XC6852  provides  a  much  wider  variety  of 
data  and  parity  options  than  the  MC6850 

Control  register  2,  bit  6  determines  the  response  of  XC6852  transmit  logic  when  no 
data  is  ready  to  be  transmitted  If  Control  register  2,  bit  6  is  0,  then  a  break  code  will  be 
output  on  underflow,  if  this  bit  is  T,  then  a  Sync  character  code  will  be  output  on  under- 
flow Remember  an  underflow  error  will  be  reported  in  the  Status  register  only  if  you 
transmit  Sync  character  codes  on  underflow  Therefore,  Control  register  2,  bit  6  must 
be  1  if  underflow  errors  are  to  be  reported  in  the  Status  register  Recall  that  an  under- 
flow error  is  reported  before  a  Sync  character  is  transmitted,  also,  the  underflow  error 
status  is  accompanied  by  a  high  TUF  output  signal  pulse 

Table  8-7.   XC6852  Interrupt  Summary 


INTERRUPT 

ENABLE 

REQUEST 

RDA  —  Read  Buffer 

RA  or  Buffers  RA 
and  RT  contents 

Control  register  1  bits  0  and  5  must  be 
0  and  1  respectively 

Status  register  bit  0  =  1 

TDA  —  Write  into 

Buffer  TA  or  RA 

and  TT 

Control  register  1  bits  1  and  4  must  be 
0  and  1  respectively. 

Status  register  bit  1  =  1. 

This  will  not  occur  if  Status  register 

bit  3  =  1. 

DCD  —  Transmitting 
data  carrier 
disconnected 

Control  register  2  bit  7  must  be  1 

On  low-to-high  transition  of  DCD. 

CTS  —  Receiving 

external  logic 
disconnected 

Control  register  2  bit  7  must  be  1 . 

On  low-to-high  transition  of  CTS. 

TUF  —  Transmit 

underflow  has 
occurred 

Control  register  2  bit  7  must  be  1. 

Status  register  bit  4  =  1. 

OVRN  —  Receive 

overrun  error 

has  occurred 

Control  register  2  bit  7  must  be  1. 

Status  register  bit  5  =  1 . 

PE  —  Parity  Error 

Control  register  2  bit  7  must  be  1 

Status  register  bit  6  =  1. 
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XC6852 

INTERRUPT 

LOGIC 


XC6852 

RESET 

OPERATION 


Along  with  Control  register  1,  bits  4  and  5,  which  we  have 
already  described,  Control  register  2,  bit  7  and  Control  register 
3,  bits  2  and  3  apply  to  XC6852  interrupt  logic.  XC6852  inter 
rupt  logic  is  quite  complex  There  are  a  number  of  interrupt 
sources  and  no  standard  procedure  for  enabling,  disabling,  acknowledging  or  process- 
ing different  interrupt  requests  Rather  than  describing  the  Control  register  bits  that 
pertain  to  interrupts,  therefore,  various  interrupt  options  provided  by  the  XC6852 
are  summarized  in  Table  8-7. 

PROGRAMMING  THE  XC6852 

Let  us  now   look  at  the  normal  sequence  of  events  when  programming  the 
XC6852. 

First  the  XC6852  must  be  initialized.  Initialization  begins  by  resetting  the  XC6852 
using  the  RESET  control  input  When  the  XC6852  is  reset  this  is  what  happens: 

1)  Control  Register  1,  bits  0  and  1  are  set  to  1,  inhibiting  transmit         ~ 
and  receive  logic. 

2)  Control  register  2,  bits  0  and  1  are  reset  to  0,  causing  SM/DTR 
to  be  output  high. 

3)  Control  register  2,  bit  7  is  reset  to  0,  disabling  DCD  and  CTS  interrupt  requests,  and 

all  error  interrupt  requests 

4)  Control  register  3,  bit  0  is  reset  to  0,  selecting  internal  synchronous  mode. 

.5)  Status  register  bit  1  is  cleared  and  held  low  so  that  the  CPU  never  reads  a  status 
that  requests  data  be  written  to  the  XC6852. 

Control  register  bits  affected  by  the  RESET  control  input  cannot  be  modified  until 
RESET  goes  high  again- 
Following  device  Reset,  you  must  load  Control  registers  1,  2  and  3  and  the  Sync  Code 
register  The. only  caution  concerns  Control  register  1;  remember,  Control  register  1, 
bits  6  and  7  must  be  modified  so  that  you  can  access  Control  registers  2  and  3  and  the 
Sync  Code  register  When  modifying  Control  register  bits  6  and  7,  be  sure  not  to  inad- 
vertently modify  the  remaining  six  bits  of  Control  register  1 

Once  the  XC6852  has  been  initialized,  you  are  ready  to  start  transmitting  or 
receiving  data. 

The  only  complications  associated  with  transmitting  or  receiving  data  involve  the  way 
in  which  you  select  the  programmable  options  of  this  device.  There  is  nothing  intrin- 
sically different  or  complicated  about  the  XC6852,  as  compared  to  any  other  syn- 
chronous serial  I/O  device  These  are  the  only  rules  to  observe: 

1)  Always  inhibit  transmit  and  receive  logic  via  Controf  register  1,  bits  0  and  1  before 
modifying  the  contents  of  any  Control  register  or  the  Sync  register. 

2)  Unless  you  have  enabled  error  interrupts,  always  precede  any  data  read  or  write 
operation  by  reading  the  contents  of  the  Status  register  and  checking  for  errors. 

3)  Remember,  the  XC6852  transmits  serial  data  least  significant  bit  first.  This  is 
the  inverse  of  IBM  format;  and  it  is  up  to  you  to  invert  the  data  stream  when 
using  an  XC6852  with  external  IBM  protocol  logic. 
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THE  MC8507  (OR  MC6828)  PRIORITY  INTERRUPT 
CONTROLLER  (PIC) 

This  Priority  Interrupt  Controller  has  two  part  numbers,  identifying  the  fact  that  it 
is  a  bipolar  part,  and  also  compatible  with  the  NMOS  family  of  the  MC6800 
microcomputer  devices.  We  will  use  the  part  identification  MC6828  in  the  discus- 
sion that  follows. 

The  MC6828  Priority  interrupt  Controller  processes  up  to  eight  external  interrupt 
requests,  creating  a  vectored  response  to  an  interrupt  acknowledge.  Interrupt 
priorities  are  determined  by  pin  connections,  but  under  program  control  you  can 
set  a  priority  level  below  which  all  interrupts  are  inhibited.  You  cannot  have  more 
than  one  MC6828  in  a  microcomputer  system  without  resorting  to  complex 
multiplexing  logic. 

Figure  8-28  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
is  provided  by  the  MC6828  Pre. 

The  MC6828  PIC  cannot  be  compared  to  the  8259  PICU  which  is  available  with 
8080A  microcomputer  systems.  The  briefest  inspection  of  the  two  devices  will  indi- 
cate that  the  8259  offers  a  significantly  wider  range  of  options  —  which  can  be  a  good 
thing  or  a  bad  thing.  As  we  have  often  stated,  an  excessive  dependence  on  interrupt 
processing  in  microcomputer  applications  is  hard  to  justify,  in  all  probability  the  more 
limited  capabilities  of  the  MC6828  will  adequately  serve  the  needs  of  any  reasonable 
microcomputer  application. 

The  MC6828  is  packaged  as  a  24-pin  DIP.  It  is  fabricated  using  bipolar  LSI  tech- 
nology. 

A  single  +5V  power  supply  is  required. 

MC6828  PINS  AND  SIGNALS 

MC6828  pins  and  signals  are  illustrated  in  Figure  8-29. 

In  order  to  understand  this  device,  you  must  first  look  at  the  way  in  which  it  is 
used  within  an  MC6800  microcomputer  system. 


CS1 


STRETCH 
CSO 
INO 

InT 

as 

IN3 

!N6 

!N7 

GND 


1  13 

2  14 

3  15 

4  16 

5  17 

6  MC8507     18 
■7      MC6828     19 

8  PIC      20 

9  21 

10  22 

11  23 

12  24 

I» 

^~ 

-m 

vcc 

IRQ 

Z4 

Z3 

Z2 

Z1 

E 

R/W 

A1 

A2 

A3 

A4 


Pin  Name  Description 

A1  -  A4  Termination  of  system  Address  Bus  lines  A1-A4 

£1 -  Z4  Continuation  of  system  Address  bus  lines  A1-A4 

INO  -  !N7  External  interrupt  requests 

CSO^SI  Device  Select 

R/W  Read/Write  control 

E Device  Enable 

STRETCH  Clock  stretching  signal 

IRQ  Interrupt  request 

Vcc  GND  Power  and  Ground 

Figure  8-29    MC6828  Signals  And  Pin  Assignments 


Type 

Input 

Output 

Input 

Input 

Input 

Input 

Output 

Output 
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Recall  that  when  any  standard  external  interrupt  is  acknowledged  by  an  MC6800  CPU 
the  CPU  will  fetch  the  starting  address  for  the  interrupt  service  routine  from  memory 
locations  FFF8-|6  and  FFF9-J6-  These  two  addresses  may  be  illustrated  as  follows: 


15  14-  13  12  n  10  9    8 

EE 


7   6    5    4    3    2    10- 


11     1     1     111     111    1    0    OX 


1 Address 

0  for  FFF8  < 

1  for  FFF9 

The  MC6828  PIC  is  positioned  serially,  preceding  the  external  memory  device 
which  is  to  be  selected  by  the  addresses  FFF816  and  FFF9-|6-  Address  lines  A1, 
A2,  A3  and  A4  terminate  at  the  MC6828.  Logic  within  the  MC6828  appropriately 
manipulates  these  four  address  lines  and  outputs  some  value  which  may  differ 
from  the  input  value.  This  may  be  illustrated  as  follows: 


Address 

transmitted 
by  CPU 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

A0 


Address 

received 

by  memory 


■  YV  Address 
vf  lines 

•  Y  /  modified 

•  Y*  by  MC6828 
.  X 


Thus,  what  the  MC6828  does  is  extend  the  two  addresses  FFF8iq  and  FFF9-J6  into  16 
addresses,  FFE8-] 5  through  FFF7-jg 

The  CPU  knows  nothing  about  the  address  manipulation  which  is  taking  place  within 
the  MC6828  So  far  as  the  CPU  is  concerned,  upon  acknowledging  an  external  inter- 
rupt, it  reads  two  bytes  of  data  from  memory  locations  FFF816  and  FFF9-|6;  the  fact 
that  there  are  eight  possible  responses  to  these  two  addresses  is  of  no  concern  to  the 
CPU. 
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Conceptually,  the  MC6828  is  acting  as  an  8-way  switch.  The  CPU  addresses  the  switch 
by  its  "stem",  via  a  single  address  The  actual  conduit  for  the  transfer  of  two  bytes  of 
data  depends  on  the  switch  position  at  the  time  the  CPU  accesses  the  switch  stem;  and 
the  switch  position  is  going  to  be  determined  by  the  highest  priority  active  interrupt  re- 
quest. This  may  be  illustrated  as  follows; 


-FFF6,  FFF7 
- FFF4,  FFF5 

^  «,  " FFF2-  FFF3 

FFF8,  FFF9-  "*" 


The  only  stipulation  made  by  the  MC6828  is  that  memory  addresses  FFEO^e 
through  FFFF-i  £  never  access  read/write  memory. 

Let  us  now  look  at  the  device  pins  and  signals. 

A1  -  A4  represents  the  termination  of  System  Address  Bus  lines  A1  -  A4  at  the 

MC6828. 

The  continuation  of  the  four  address  lines  is  via  pins  Z1  -  Z4. 

The  eight  external  interrupt  requests  are  connected  to  TnO-TN7.  Interrupt 
priorities  are  in  ascending  level,  from  INO  which  has  lowest  priority  through  Tn7 
which  has  highest  priority. 

Device  select  logic  consists  of  CSO  and  CS1.  For  this  device  to  be  selected,  CSO 
must  be  low  while  CS1  is  high  There  are  additional  select  requirements  that  depend 
on  the  operation  being  performed,  as  we  will  describe  shortly 

R/W  is  the  read/write  control  output  by  the  MC6800  CPU. 

E  is  the  standard  enable  signal  required  by  all  support  devices  of  an  MC6800 
microcomputer  system.  You  can  extend  the  response  time  available  to  the  MC6828 
by  extending  the  E  input 


A  STRETCH  output  is  created  and  can  be  connected  directly  to  the  clock  device  of  the 
microcomputer  system  in  order  to  provide  as  much  response  time  as  needed  by  the 
MC6828 

The  actual  interrupt  request  which  generates  the  entire  response  process  occurs  via  the 
IRQ  output  from  the  MC6828  This  output  will  normally  be  connected  to  the  MC6800 
IRQ  input 

THE  INTERRUPT  ACKNOWLEDGE  PROCESS 

When  any  one  of  the  eight  interrupt  request  lines  INO  Tn7  is  low,  an  interrupt  re- 
quest is  generated  via  IRQ.  This  interrupt  request  is  passed  on  to  the  MC6800 
CPU. 

As  is  normal,  the  MC6800,  upon  acknowledging  the  interrupt  request,  will  perform  two 
read  operations;  during  these  read  operations  the  contents  of  memory  locations  FFF8]6 
and  FFF9]6  are  read  The  MC6800  CPU  interprets  the  contents  of  these  two  memory 
locations  as  a  16-bit  address,  identifying  the  beginning  of  the  interrupt  service  routine 
which  is  to  be  executed  following  the  acknowledge 
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When  the  MC6800  CPU  is  reading  the  contents  of  memory  locations  FFF8-J6  and 
FFF9ig,  these  are  the  signal  levels  for  the  control  and  select  inputs  to  the 
MC6828: 


R/W 

1 


cso 

0 


CS1 

1 


A4 


A3 


A2 
0 


A1 
0 


The  MC6828  interprets  the  signal  combination  R/W-CS0-CS1 -A1  -A2.A3-A4,  as 
a  special  select,  causing  it  to  output  binary  data  on  the  Z1,  Z2,  Z3  and  Z4  pins 
representing  the  highest  priority  active  interrupt  request  occurring  on  any  of  the  in- 
terrupt request  pins  INO  -  IN7  Table  8-8  defines  the  binary  data  output  corresponding 
to  each  interrupt  level 

If  R/W  is  high,  CSO  is  low  and  CS1  is  high,  but  A1,  A2,  A3,  A4  are  not  001 1,  then 
the  MC6828  will  simply  output,  via  Z1  -  Z4,  whatever  is  being  input  via  A1  -  A4. 

Thus,  the  presence  of  the  MC6828  on  the  A1  -  A4  address  lines  of  the  Address  Bus  will 
be  transparent  until  either  the  address  FFF8-] 5  or  the  address  FFF9-] 5  appears  on  the 
Address  Bus 

In  order  to  guarantee  that  the  MC6828  remains  synchronized  wi*h  the  rest  of  the 
MC6800  microcomputer  system,  logic  internal  to  the  MC6828  uses  the  E  syn- 
chronization signal  as  part  of  internal  enable  logic.  The  way  in  which  the  E  syn- 
chronization signal  is  used  is  of  no  particular  concern  to  you,  as  an  MC6828  user.  Pro- 
viding the  E  synchronization  signal  which  drives  the  rest  of  the  MC6800  microcom- 
puter system  also  drives  the  MC6828,  problems  will  not  arise 

Table  8-8    MC6828  Address  Vectors  Created  For  Eight 
Priority  Interrupt  Requests 


PRIORITY 

PIN 

Z4 

Z3 

Z2 

Z1 

EFFECTIVE  ADDRESSES 

Highest  7 

IN7 

1 

0 

1 

1 

FFF6  and  FFF7 

6 

inB 

1 

0 

1 

0 

FFF4  and  FFF5 

5 

IN5 

1 

0 

0 

1 

FFF2  and  FFF3 

4 

IN4 

1 

0 

0 

0 

FFFO  and  FFF1 

3 

IN3 

0 

1 

1 

1 

FFEE  and  FFEF 

2 

IN2 

0 

1 

1 

0 

FFEC  and  FFED 

1 

IN1 

0 

1 

0 

1 

FFEA  and  FFEB 

Lowest  0 

INO 

0 

1 

0 

0 

FFE8  and  FFE9 

INTERRUPT  PRIORITIES 

Table  8-8  defines  the  priorities  that  will  be  applied  to  simultaneous  interrupt  re- 
quests occurring  at  pins  INO  -  IN7.  This  table  also  indicates  the  exact  memory  ad- 
dresses which  will  be  created  by  the  MC6828  in  response  to  each  of  the  interrupt 
requests.  In  order  to  use  the  MC6828  PIC  in  an  MC6800  microcomputer  system,  16 
bytes  of  PROM  or  ROM,  selected  by  the  addresses  given  in  Table  8-8  must  be  con- 
nected to  the  MC6828  Within  these  16  bytes  of  PROM  or  ROM,  you  must  store  the 
starting  addresses  for  the  eight  interrupt  service  routines  which  are  going  to  be  ex- 
ecuted following  acknowledgement  of  each  possible  external  interrupt  request  For  ex- 
ample, suppose  that  interrupt  requests  arriving  at  the  IN5  pin  of  the  MC6828  must  be 
serviced  by  an  interrupt  service  routine  whose  first  executable  instruction  is  stored  in 
memory  location  2EG0^g  The  value  2E00-|  5  must  then  be  stored  in  the  two  PROM  or 
ROM  bytes  selected  by  memory  addresses  FFF2-|g  and  FFF3-|  5  Remember,  the  high 
order  byte  of  an  address  is  always  stored  at  the  lower  address  Thus  2B-\q  will  be  stored 
in  memory  location    FFF2-| 5  while  00 16  is  stored  in  memory  location  FFF3 -j (5 
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INTERRUPT  INHIBIT  LOGIC 

The  MC6828  provides  a  very  elementary  level  of  interrupt  inhibit  logic.  You  can 
output  a  mask  to  the  MC6828  identifying  a  priority  level  below  which  all  inter- 
rupts will  be  inhibited. 

Now  the  mask  is  written  out  to  the  MC6828  in  a  very  unusual  way. 

Recall  that  the  MC6828  requires  memory  addresses  FFE815  through  FFF9 1 5  to  access 
PROM  or  ROM  Any  attempt  to  write  into  these  memory  addresses  will  be  ignored.  The 
MC6828  takes  advantage  of  this  fact  by  trapping  attempts  to  write  into  memory  loca- 
tions FFE8-|6  through  FFF9-|£ 

That  is  to  say,  when  R/W  is  iow  while  CSO  is  low  and  CS1  is  high,  the  MC6828  con- 
siders itself  selected,  but  it  interprets  the  four  address  lines  A1,  A2,  A3,  A4  as  data, 
defining  the  mask  level  below  which  interrupts  will  be  inhibited  Table  8-9  defines  the 
way  in  which  the  mask  specified  by  address  lines  A1,  A2,  A3  and  A4  will  be  in- 
terpreted. 


Table  8-9    MC6828  interrupt  Masks  — Their  Creation  And  Interpretation 


Write  anything 

and  Address  Bus 

Which  will  inhibit 

to  this  address: 

lines  A1-A4  will 

all  interrupts,  including 

have  this  value: 

and  below: 

FFEO  or  FFE1 

0000 

All  interrupts  enabled 

FFE2  or  FFE3 

0001 

IN1 

FFE4  or  FFE5 

0010 

IN2 

FFE6  or  FFE7 

0011 

IN3 

FFE8  or  FFE9 

0100 

IN4 

FFEA  or  FFEB 

0101 

IN5 

FFEC  or'FFED 

0110 

IN6 

FFEE  or  FFEF 

011  1 

IN7 

FFFO  through  FFFF 

1000  through  1111 

All  interrupts  disabled 
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DATA  SHEETS 

The  following  section  contains  data  on  electrical  characteristics  and 
specific  delay  times  for  the  MC6800  and  other  devices  described  in  this 
chapter. 
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MC6800 


ELECTRICAL  CHARACTERISTICS  (vCC  =  5.0  V  ±  5%,  Vgg  - 

3,  TA  »  0  to  70°C  unless  otherwise  noted  ) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input  High  Voltage                                                Logic 
01  ,<t>2 

V)H 

VlHC 

VSs  +  2.0 

VCC  -  0-3 

_ 

vcc 
vcc  +  o.» 

Vdc 

Input  Low  Voltage                                                Logic 

01,02 

VlL 
V|LC 

VSS  ~  0.3 
Vss  -  0.1 

_ 

VSS  +  0  8 
VSS  +  03 

Vdc 

Clock  Overshoot/Undershoot  -  Input  High  Level 
—  Input  Low  Level 

Vos 

VCC  -  0.5 
VSS  -  °-6 

- 

VCc  +  0  5 

VSS  +  0  5 

Vdc 

Input  Leakage  Current 

IVin»0to5.25V,VCC  =  max}                     Logic* 
(Viri  =  0to5.25V,VCC»0.0V)                    01,02 

!in 

Z 

1.0 

2.5 
100 

*iAdc 

Three-State  (Off  State)  Input  Current                  D0-D7 

(V[n0.4to2,4V,Vcc  =  max}                        A0-A15.R/W 

ITSI 

I 

20 

10 
100 

"Adc 

Output  High  Voltage 

('Load  a  -205  MAdc,  Vcc  »  min)                  D0-D7 

('Load  =  ~145  MAdc,  Vcc  =  mint                  AO  A15,R/W,VMA 

*!Loada  -IQOpAdc,  Vcc  =min)                  BA 

VOH 

VSS +  24 
VSS  +  24 
VSS  +  24 

: 

\ 

Vdc 

Output  Low  Voltage 

"Load  "  1-6  rnAdc,  Vcc  =  m'^ 

vol 

w_       ^ 

~ 

Vss  +  04 

Vdc 

Power  Dissipation 

Pd 

- 

0  600 

12 

W 

Capacitance*                                                       01,02 
(V|n  =  0,  TA  =  25°C,  f  =  1  0  MHz)                 TSC 
DBE 
D0-D7 
Logic  Inputs 
AO  A15,R/W,VMA 

cin 

80 

120 

7.0 
10 
6.5 

160 
15 
10 
12  5 

8.5 

pF 

cout 

- 

- 

12 

PF 

Frequency  of  Operation 

f 

01 

- 

10 

MHz 

Clock  Timing  (Figure  1) 
Cycle  Time 
Clock  Pulse  Width 

(Measured  at  Vcc  -  °3  V)                       01 
02 
Total  01  and  02  Up  Time 
Rise  and  Fall  Times                                         01 ,02 

(Measured  between  Vgg  +  0  3  V  and  Vcc  -  0  3  V) 
Delay  Time  or  Clock  Separation 

(Measured  at  Vqv  *  VSS  +  0  5  V) 

tcyc 

10 

- 

10 

MS 

PW0H 

430 
450 

: 

4500 
4500 

tg, 

940 

- 

- 

ns 

*0r.  t^f 

50 

~ 

50 

ns 

*d 

0 

~ 

9100 

ns 

»os 

° 

~ 

40 

ns 

"Except  TRQ  and  FFMl,  which  require  3  ktl  pullup  load  resistors  for  wire-OR  capability  at  optimum  operatio 
#Capacitances  are  periodically  sampled  rather  than  100%  tested 


FIGURE  1  -  CLOCK  TIMING  WAVEFORM 


vOV  =  Vss  *  0  5  V  =  Clock  Ovi 
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MC6800 


MAXIMUM  RATINGS 


Rating 

Symbol 

Vilue 

Unit 

Supply  Voltage 

vcc 

-0.3  to  +7,0 

Vd,c 

Input  Voltage 

V|n 

-0.3  to +7.0 

Vdc 

Operating  Temperature  Range 

TA 

0  to  +70 

oc 

Storage  Temperature  Range 

Tstg 

-55  to +1  SO 

°C 

Thermal  Resistance 

OJA 

70 

°C/W 

Thi*  device  contains  circuitry  to  protect  the 
inputs  against  damage  due  to  high  static  volt- 
ages or  electric  fields;  however,  it  is  advised  that 
normal  precautions  be  taken  to  avoid  applica- 
tion of  any  voltage  higher  than  maximum  rated 
voltages  to  this  high  ir 


READ/WRITE  TIMING    Figures  2  and  3,  f  =  1 .0  MHz,  Load  Circuit  of  Figure  6. 


Characteristic 

Symbol 

Min 

Typ 

Me* 

Unit 

Address  Delay 

»AD 

_ 

220 

300 

ns 

Peripheral  Read  Access  Time 
*acc  "  *ut  -  (*AD  +  *DSR] 

*BCC 

-       , 

_ 

540 

ns 

Data  Setup  Time  (Read) 

lDSR 

100 

_ 

- 

ns 

Input  Data  Hold  Time 

tH 

10 

- 

- 

ns 

Output  Data  Hold  Time 

tH 

10 

25 

- 

ns 

Address  Hold  Time  (Address,  RAW,  VMA) 

»AH 

50 

75 

- 

ns 

Enable  High  Time  for  DBF.  Input 

tEH 

450 

- 

- 

ns 

Data  Delay  Time  (Write) 

tDDW 

- 

165 

225 

ns 

Processor  Controls* 

Processor  Control  Setup  Time 

Processor  Control  Rise  and  Fall  Time 

But  Available  Delay 

Three  State  Enable 

Three  State  Delay 

Data  Bus  Enable  Down  Time  During  $1  Up  Time  .(Figure  3) 

Data  Bus  Enable  Delay  (Figure  3) 

Data  Bus  Enable  Rise  and  Fall  Times  (Figure  39 

tpcs 

tPCr-  tpCf 
»8A 
tTSE 
«TSD 
tDBE 
tDBEO 
*DBEr.«D8Ef 

200 

150 
300 

1 

100 
300 
40 
700 

25 

ns 
ns 
ns 

ns 
ns 
ns 

"Additional  information  is  given  in  Figures  12  through  16  of  the  Family  Characteristics  -  see  pages  17  through  20 


FIGURE  2  -  READ  DATA  FROM  MEMORY  OR  PERIPHERALS 
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MC6800 


FIGURE  3  -  WRITE  IN  MEMORY  OR  PERIPHERALS 


-  Stirt  of  Cycle 
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FIGURE  4 

-  TYPICAL  DATA  BUS  OUTPUT  DELAY 
verwiCAPACITIVE  LOADING 

1         1         [ 

tOL=  T6  mA  max  @  0 

V 

C(,  ineliideutray  capacitance 

Cj_.  LOAD  CAPACITANCE  IpF) 


(OH 

1 
=  ~l<S5uAm 

*®7 

4  V 

IQL  =  l.GmA  max@Q 

V 

-TA  =  25;C 

Ad[ 

EH,  V 

RW 

Cl  includes  stray  capacitance 

1 

U 

2 

0 

3 

D 

« 

0 

5 

0 

60 

Cl- LOAD  CAPACITANCE  IpFI 


FIGURE  6  -  BUS  TIMING  TEST  LOAD 


.4.75  V 

;  RL»  2  2  It 

.^i 

MMD6150 

I     °rEqUiV 

C? 

M    1 

'    MMD7000 
F     orEqulv 

C     =      130  pF  for  DO-D7 

»      90  pF  for  AO  A1S.  R/W.ond  VMA 

=      30  pF  for  BA 

Ft     =      11   7  kH  for  D0-O7 

f      165  kil  for  A0A15.  R/W.  and  VMA 

=      24  kil  for  BA 

TYPICAL  POWER  SUPPLY  CURRENT 
FIGURE  7- VARIATIONS  WITH  FREQUENCY 


1 

0?  Duly  Cycle  *  o?  Duty  Cycle    = 

sm: 

1 

W| 

-  V| 

v 

K    =    50V 

LC    '    OV     . 
;c   =   5.DV 

A    * 

2b  c 

0                 200              *00                BOD               BOG               1000             S2C 
1.  OPERATING  FREQUENCY  |kH;| 

FIGURE  8  -  VARIATIONS  WITH  TEMPERATURE 

^ 

Ol  Duly  Cycle  =(}2  Duty 

Cycle    =  50=. 

V|HC    =    50V      " 
VlLC   *    OV         . 
VCC   =    B.OV 

! 

--    iaUt 

kH;" 

TA  AMBIENT  TEMPERATURE  CO 
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MC6870A 


250  kHz  to  2.5  MHz 


0,  NMOS 
0}  NMOS 
0jTTL 


specifications 


W"^  H  1 


<=tt! 


TTTL.. 


?®^3m&-' 


pin 

CONNECTION 

1 

GND 

3 

NC 

5 

0.TTL 

7 

V„  (+5VDC) 

12 

0,NMOS 

13 

0,  NMOS 

1B 

GND 

20 

NC 

22 

NC 

24 

NC 

vJT""             1- 

■f^. 

v-pv] 

*"*i*S               U 

s" 

3h       4 

V..  ,3V                     V..JV 

,U     -I, 

4 

Mf 

Rating 

Symbol 

VahM 

mat 

Supply  Voltage 

V„ 

s.oo±s% 

Vdc 

Operating  Temperature  Range 

TA 

0  to  +70 

°c 

Storage  Temperature 

T,„ 

-55  to  +125 

■c 

Power  Supply  Drain  (max.) 

u 

100 

mA 

ELECTRICAL  CHARACTERISTICS  (V„  =  5  0  ±  5%,  V„  =  0,Ta 
=  0'  to  70*C,  unless  otherwise  noted) 

Characteristic 

Symbol 

Mln 

Typ 

Max 

UnH 

Froqtwncy 

Operating  Frequency 

1. 

.250 

2.5 

MHz 

Frequency  stability  (inclusive 
of  calibration  tolerance  a! 
+25°C.  operating  temperature, 
input  voltage  change,  load 
change,  aging,  shook  and 
vibration) 

±01 

■ft 

NMOS  Output*  at  1.0  MHz  OporaUon" 

Pulse  Width  (meas.  at 
V„=-.3Vdc  level) 

T3,H 
T0iH 

430 
450 

ns 

Logic  Levels 

Vote 
Vo« 

V..--1 
V«-3 

Z 

V..+.3 

V..+.1 

Vdc 

Vdc 

Rise  and  Fall  Times 

t'. 

5 
5 

12 
12 

50 
50 

ns 

*  Overshoot  /Undershoot 
Logic  "1" 
Logic  "O1 

Vos 

V„-5 
V..-.5 

V„+S 
V.,+,5 

Vdc 

Vdc 

Pulse  duration  of  any  over- 
shool  or  undershoot 

To» 

40 

ns 

Period®  0.3V  dc  Level 

U,« 

1.00 

us 

Edge  Timing  @  Vt,=0,3Vdc 

Tx 

940 

ns 

NMOS  Relationship 
@  +  0.5V  dc  Level 

0 
0 

8.0 

us 

TTL  Out  putt 

In  rel.  to  0.  NMOS  <S)  0.3V  dc 

0*TTL@  +  1.4Vdc 

Ta 

T„ 

1b 
10 

3U 
25 

45 
40 

ns 

Logic  Laval* 

Voh 
Vol- 

24 

32 

.3 

.4 

Vdc 
Vdc 

Rise  and  Fall  Times 
4V  and  2..4V 
2.4V  and    .4V 

|r 

15 
15 

nnl 

Logic  "0"  Sink  (/Gate) 

Id 

-1.6 

mA 

Logic  "1"  Source  (/Gate) 

to. 

+40 

uA 

Current  Output  Shorted 

lie 

-18 

-57 

mA 

Load 

NMOS-Load  Capacity  a„  0, 

C.uOS 

80 

120 

160 

P« 

TTL-No.  of  Loads 

5 

ttl 

TTL- Load  Capacity 

C„L 

50 

P) 

c 
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MC6871A 

full  function  microprocessor  clock 
850  kHz  to  2.5  MHz 


>  MEMORY  CLOCK 


specifications 


hating 

Symbol 

VBhM 

Unll 

Supply  Voltage 

v„ 

5.00+5% 

Vrtr 

Operating  Temperature  Ranae 

■      T* 

0IO+70 

*C 

Storage  Temperature 

T.., 

-55  to +125 

•0 

Power  Supply  Drain  (max:) 

I- 

too 

ELECTRICAL  CHARACTERISTICS  (V„  = 
=  0'  lo  70*C,  unless  olherwise  noted 

50  * 

5%, 

\/„  =  O.T„ 

Characteristic 

Symbo 

Mm 

Typ 

Mu 

Unit 

Frequency 

Operating  Frequency 

t, 

.850 

2.5 

ol  calibration  tolerance  al 
+25*C,  operating  lemperature, 
input  voltage  change,  load 
change,  aging,  shock  and 
vibration) 

±0 

% 

NMOS  Output*  at  1.0  MHi  Operation"* 

Pulse  Width  (meas.  at 
V„=~..3Vdc  level) 

T0,H 
T0,H 

430 
450 

ns 

Logic  Levels 

Vac 

Vow 

V„-  1 
V«-.3 

z 

V..+  3 
V..+.1 

Vdc 

Vdc 

Rise  and  Fall  Times 

t. 
It 

5 
5 

12 

12 

50 
50 

ns 

•Overshoot/Undershoot 
Logic  "I" 
Logic  "0'' 

V0> 

V„-5 
V„-.S 

V..+  5 
V..+.S 

Vdc 
Vdc 

Pulse  duration  of  any  over- 
shoot or  undershoot 

T(K 

40 

ns 

Period  @  0.3V  dc  Level 

!«,« 

100 

us 

Edge  Timing  @  V„=0.3V  dc 

Tx 

940 

NMOS  Relationship 
@  +0.5V  dc  Level 

Lu 

0 
0 

8.0 

m  outputs 

In  ret.  to  £«  NMOS  @  0.3V  dc 

0,TTL 
@1.4Vdc 

Ta 

Th 

15 
10 

30 
25 

■  45 
40 

ns 
ns 

Memory  Clock 
@  1.4V  dc 

Tc 
Tj 

30 
20 

50 
40 

70 

60 

ns 

Zxlc®  1.4V  dc 

T, 

40 

HO 

120 

ns 

Lofto  Levels 

Vo„ 
Voi 

24 

32 

.3 

.4 

vdc 
Vdc 

Rise  and  Fall  Times 

4V  and  2  4V 

2.4V  and    .4V 

!• 

15 
15 

ns 

Logic "0" Sink  (/Gale)- 

lot 

-1.6 

mA 

Logic  "1"  Source  (/Gate) 

l0H 

+  40 

uA 

Current  Output  Shorted 

lie 

-Ifl 

-57 

mA 

Uarf 

NMOS-Load  Capacity  0,,  a, 

C,M» 

SO 

120 

160 

pf 

TTL-No.  ol  Loads 

5 

TTL— Load  Capacity 

Cut 

50 

pf 

Logic  InpttU*  •  ("0"  Uval  Apptlet  HOLD  of  MEMORY  READY) 

NMOS  'Low',  0,  TTL  -Low' 

HOLD1 

-2 

+  4 

Vdc 

Holds  0,  NMOS  'Low',  0,  NMOS 
•High".  0,  TTL  High',  and 
MEMORY  CLOCK  'High' 

MEM- 
ORY' 
READY 

~2 

+  4 

Vdc 

PIN 

CONNECTION 

1 

GND 

.     3 

MEMORY  CLOCK 

5 

0.TTL 

7 

V„  (+SVDC) 

12 

0,  NMOS 

13 

0,  NMOS 

18 

GND 

20 

HOLD"? 

22 

MEMORY  READY 

24 

2xlc 

Ju 


-fffFf-L 


[i>  4>  $>  t$>         & 


WAVEFORM  TIMING 

LL  TIME  IN  NANOSECONDS) 


«M2<Vmin     SOVmaiM 
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MC6871B 

alternate  function  ml 
250  kHz  to  2.5  MHz 


L— >■   -O  0,  UNGATED 


specifications 


Rating 

Symbol 

Valua 

Unit 

Supply  Voltage 

v„ 

S.00±5% 

vdc 

Operating  Temperature  Range 

T, 

0!o+70 

•c 

Storage  Temperature 

T,„ 

-5510+125 

*c 

Power  Supply  Drain  (max.) 

U 

100 

mA 

ELECTRICAL  CHARACTERISTICS  (V„  =  5  0  ±  5%,  V 
=s  0*  to  70*C,  unless  otherwise  noted) 

,  =  O. 

T* 

Characteriitic 

Symbol 

Mln 

Typ 

Max 

Unit 

Frequency 

Operating  Frequency 
Frequency  stability  {inclusive 
ol  calibration  tolerance  at 
+  25*0  operating  temperature, 
snpul  voltage  change,  load 
change,  aging,  shock  and 
vibration) 

lt 

250 

2  01 

25 

MHz 
% 

NMOS  Output*  at  1.0  MHz  Operation"* 

Pulse  Width  {meas.  at 
V,,=  -,3V  dc  level) 

t©1h 

430 
450 

re 

Log*c  Levels 

V«c 

V„-  1 
V„-.3 

z 

V„+3 
V„+.1 

Vdc 
Vdc 

Rise  and  Fall  Times 

1; 

5 
5 

12 
12 

50 

so 

ns 

*  Overshoot  /Undershoot 
Logic  "!" 
Logic    0 

Vos 

V„-.5 
V..-.5 

V«+5 
V.,+,5 

Vdc 

Puise  duration  o!  any  over- 
shoot or  undershoot 

Toi 

40 

ns 

Period  @  0.3V  dc  Level 

t„< 

1  00 

us 

Edge  Timing  <3>  V„=0.3V  dc 

Tx 

940 

ns 

NMOS  Relationship 
@  +0.5Vdc 

U> 

0 
0 

8.0 

us 

TTL  Oulpula 

In  ret-  to  0,  NMOS  @  0.3V  dc 

0,'TTL@  t  4 Vdc 

T* 

Th 

15 
10 

30 

25 

45 
40 

re 

f;, Ungated®  !  4Vdc 

L 

30 

20 

50 
40 

70 
60 

ns 

2xfc  @  1  4V  dc 

T, 

40 

80 

120 

ns 

Logic  Leva  It 

v°: 

24 

32 

.3 

.4 

vdc 
Vdc 

Rise  and  Fall  Times 
4V  and  2  4V 
2.4V  and     4V 

J; 

15 
15. 

ns 

Logtc-'O"  Sink  {/Gate) 

lo. 

-1.6 

mA 

Logic  "t"  Source  (/Gate) 

loi. 

+  40 

uA 

Current  Output  Shorted 

tic 

„ia 

-57 

mA 

Load 

NMOS-  Loac  Capacity  --..  .'.- 

C.M01 

80 

120 

160 

pf 

TTL™No.  ol  Loads 

5 

tti 

TTL-Load  Capacity 

Crtl 

50 

pt 

Logic  Input*'  *  ("0"  Level  applies  HOLD) 

Holds  0,  NMOS  'High'  0, 

NMOS 'Low.  0,  TTL  Low 

HOLD  1 

-2 

+  4 

Vdc 

Holds  0,  NMOS  'Low'.  0,  NMOS 
'High'.  0,  TTL  High 

HOLD  2 

-2 

+  4 

Vdc 

."'--iz^Tn^tC. 


PIN 

CONNECTION 

1 

GND 

3 

0,  TTL  UNGATED 

5 

0,TTL 

7 

V„  (+SVDC) 

12 

0.  NMOS 

13 

0,  NMOS 

18 

GND 

20 

H5LTJ1 

22* 

HOTD2 

24 

2xlc 
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MC6820 


ELECTRICAL  CHARACTERISTICS  lvcc  -  5.0  V  *5%,  VsB  -  0,  T.  -  0  to  70°C  unless  mh,,,^  BBteH  » 

Characteristic 

Symbol 

Mir. 

Typ 

Max 

Input  High  Voltage                                                                                Enable 

Other  Inputs 

VjH 

VSS  +  24 
VSS  +  2.0 

vCC 

VCC 

Vdc 

Input  Low  Voltage                                                                                     Enable 

___ Other  Inputs 

V(L 

VSS  -03 

Vss  -0.3 

_ 

VSS  +  0.4 

Vdc 

Input  Leakage  Current            R/W,Reset,  RSO,  RSI,  CSO,  CSI.CST,  CA1 
<Vin  =  0to5.25Vdcl                                                              CB1,  Enable 

>in 

10 

2  5 

MAdc 

Three-State  {Off  State)  input  Current                          D0-D7,  PB0-PB7  CB2 
(Vjn  »  0,4  to  2.4  Vdc) 

ITSI 

- 

2,0 

10 

MAdc 

Input  High  Current                                                                   PA0-PA7  CA2 
(VjH  =  2.4  Vdc) 

1(H 

-100 

-250 

_ 

MAdc 

Input  Low  Current                                                                    PA0-PA7,  CA2 
IV|l  =  0.,4  Vdc) 

'IL 

- 

-1.0 

-1,6 

mAdc 

<lLoad° -205  MAdc,  Enable  Pulse  Width  <  25  ms)                          00-07 
('Load  =  -100  "Adc,  Enable  Pulse  Width  <25  ms)               Other  Outputs 

VOH 

VSS  +  2-4 
VSS  +  2.4 

: 

~ 

Vdc 

{'  Load  =  '  -6  mAdc,  Enable  Pulse  Width  <  25  us) 

vol 

- 

- 

Vss  +  0.4 

Vdc 

Output  High  Current  (Sourcing) 

(V0H  =  2.4  Vdc)                                                                                   D0.D7 
Other  Outputs 
I  Vq  =  1 .5  Vdc,  the  current  for  driving  other  than  TTL,  e  g  , 
Darlington  Base)                                                                      PBO  PB7  CB2 

•oh 

-205 
-100 

-1.0 

-2.5 

-10 

MAdc 
MAdc 

Output  Low  Current  (Sinking) 
(V0L  =  0.4  Vdc) 

!OL 

16 

- 

mAdc 

Output  Leakage  Current  (Off  State)                                            jrqa   i  ROB 
fVOH  »  2.4  Vdc) 

!LOH 

- 

1.0 

10 

MAdc 

Power  Dissipation                                                                                       " 

PD 

_ 

_ 

650 

mW 

input  Capacitance                                                                                  Enable 
<Vj„  =  0.  TA  =  25°C,  f  =  1,0  MHz}                                                     D0.D7 

PA0-PA7,  PB0PB7,  CA2.  CB2 

R/W,  Reset,  RSO,  RSI,  CSO,  CS1,  CS2,  CA1,  CB1 

Cin 

- 

: 

20 
12,5 
10 
7.5 

PF 

Output  Capacitance                                                                     ,RQA   ,RQB 
<Vjn  "  0.  TA  =  25°C,  f  -  1  0  MHz)                                                 P80-PB7 
Peripheral  Data  Setup  Time  (Figure  1) 

Cout 

~ 

_ 

5.0 
10 

pF 

Defav  Time,  Enable  negative  transition  to  CA2  negative  transition 
(Figure  2,  3) 

'CA2 

_ 

- 

10 

"..  - 

Delay  Time,  Enable  negative  transition  to  CA2  positive  transition 
(Figure  2) 

lRS1 

~ 

- 

1,0 

Mi 

Rise  and  Fall  Times  for  CA1  and  CA2  input  signals  {Figure  3) 

tr.tf 

_ 

_ 

1.0 

Delay  Time  from  CA 1  active  transition  to  C A2  positive  transition 
{Figure  3) 

'RS2 

- 

- 

2.0 

MS 

Delay  Time,  Enable  negative  transition  to  Peripheral  Data  valid 
(Figures  4,  5) 

'PDW 

~ 

- 

10 

MS 

Delay  Time,  Enable  negative  transition  to  Peripheral  CMOS  Data  Valid 
(V<x  -  30%  Vqc.  Figure  4;  Figure  12  Load  C)                PA0-PA7.  CA2 

'CMOS 

_ 

- 

20 

MS 

Delay  Time,  Enable  positive  transition  to  CB2  negative  transition 
(Figure  6,  7) 

'CB2 

~ 

- 

10 

MS 

Delay  Time,  Peripheral  Data  valid  to  CB2  negative  transition 
(Figure  5) 

'DC 

20 

- 

- 

ns 

Delay  Time,  Enable  positive  transition  to  CB2  positive  transition 
{Figure  6) 

»RS1 

~ 

- 

10 

MS 

Rise  and  Fall  Time  for  C81  and  CB2  input  signals  {Figure  7) 

tr-tf 

_ 

_ 

1.0 



Delay  Time,  CB1  active  transition  to  CB2  positive  transition 

(Figure  7) 
Interrupt  Release  Time,  IRQA  and  IRQB  (Figure  8) 

»RS2 

_ 

- 

2  0 

MS 

Reset  Low  Time*  (Figure  9) 

tRL 

2.0 

~ _. 

- 

1.6 

MS 

MS 

•The  Reset  line  must  be  high  a  minimum  of  1.0  ms  before  addressing  the  PIA. 
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MC6820 


MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply  Voltage 

vCc 

-0.3  to  +7.0 

Vdc 

Input  Voltage 

Vin 

-0.3  to  +7.0 

Vdc 

Operating  Temperature  Range 

TA 

0  to  +70 

°C 

Storage  Temperature  Range 

Tstg 

-55  to +150 

°C 

Thermal  Resistance 

OJA 

82.5 

°c/w 

Thi*  device  contain!  circuitry  to  protect  the 
inputs  against  damage  due  to  hiph  static  volt 
ages  or  electric  fields;  however,  it  is  advised  that 
norma!  precautions  be  takan  to  avoid  applica 
tion  of  any  voltage  higher  than  mammum  rated 
voltages  to  this  high  impedance  circuit 


BUS  TIMING  CHARACTERISTICS 
READ  (Figures  10  and  12) 


Characteristic 

Symbol 

Min 

TVP 

M«M 

Unit 

Enable  Cycle  Time 

«cycE 

1.0 

- 

- 

us 

Enable  Pulse  Width,  High 

PWEH 

0.45 

- 

25 

m 

Enable  Pulse  Width,  Lnw 

PWEL 

0.43 

- 

- 

MS 

Setup  Time,  Address  and  R/W  valid  to  Enable  positive  transition 

<AS 

160 

- 

- 

OS 

Data  Delay  Time 

'DDR 

- 

- 

320 

ns 

Data  Hold  Time 

»H 

10 

- 

-     ■ 

ns 

Address  Hold  Time 

tAH 

10 

- 

- 

ns 

Rise  and  Fall  Time  for  Enable  input 

tEr-'Ef 

_ 

_ 

25 

ns 

WRITE  (Figures  11  and  12) 

Enable  Cycle  Time 

tcycE 

1.0 

- 

- 

MS 

Enable  Pulse  Width,  High 

PWEH 

0.45 

- 

25 

us 

Enable  Pulse  Width,  tow 

pwel 

0.43 

- 

- 

MS 

Setup  Time,  Address  and  R/W  valid  to  Enable  positive  transition 

'AS 

160 

_ 

~ 

ns 

Data  Setup  Time 

*DSW 

195 

" 

- 

ns 

Data  Hold  Time 

tH 

10 

~ 

- 

ns 

Address  Hold  Time 

<AH 

10 

- 

~ 

ns 

Rise  and  Fall  Time  for  Enable  input 

tEr.tEf 

- 

~ 

25 

ns 

FIGURE  1  -  PERIPHERAL  DATA  SETUP  TIME 
(Read  Mode) 


FIGURE  2  -  CA2  DELAY  TIME 
(Read  Mode;  CRA  5  »  CR  A-3  -  1,  CRA-4  -  01 


\j0.4  V 

Enable 

<CA 

~\ 

0.4  V 

—1           j--tRS1* 

2Ayr — 

CA2 

\ 

oua  E  pu 

deselected  during 

FIGURE  3  -  CA2  DELAY  TIME 
(Read  Mode;  CRA-S  =  1,  CRA  3  -  CRA-4  -  0) 


FIGURE  6  -  PERIPHERAL  DATA  AND  CB2  DELAY  TIMES 
(Write  Mode:  CRB-5  -  CRB-3  *  1 ,  CRB-4  -  0) 


Enable                 \ 

\lQ.4  V 
«CMOS-J 

tpyVDr- „. 

PA0-PA7                                 \j 
CA2                                      A 

JT- 

^CC  ~30%  VCC 

24  V 

0.4  V 

Enable 

\|0.4  V 

/ 

tpoW 

PB0-PB7 

zx 

2.4  V 

0.4  V 

-tDC-<"-j 

CB2 

CB2 

Note: 

2.4  V!\ 

CB2  goes  low  as  a  result  of  the 
positive  transition  of  Enable, 
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FIGURE  6  -  CB2  DELAY  TIME 
(Write  Mods;  CRB-5  -  CRB-3  -  1,  CRB-4  -  01 

Enable 

2  4  V     \ 

U-«RS1* 

■*-*CB2 
0,4V 

- 

CB2 

\ 

'"/— 

u»E  puis 

at  doiolocied  during  the 

FIGURE  7  ~  CB2  DELAY  TIME 
(Write  Mode;  CR8-5  -  1,  CRB-3  -  CRB-4  -  0) 


FIGURE  8- 

IRQ  RELEASE  TIME 

Enable                       / 

Trq 

2.4  V 

-. tm _j 

FIGURE  9  -  RESET  LOW  TIME 


FIGURE  10  -  BUS  READ  TIMING  CHARACTERISTICS 
(Read  Information  from  PIA) 


Enable 

/ 

Zpwe 

24  V 

k 

0.4  V 

/ 

"* 

—■ »Er 

'DDR 

_ 

RS.  CS,  R/W        V 

"2  0  V 
r0.8  V 

~: 

-'AH 

Date  Bu*                                      Y 

2  4V 
0.4  V 

) 

,.0.8  V 

nimum  of 

*Tha  Reset  lino  moit  bo  a  Vjh  for  a  m 
T  0  *it  before  addrBding  th«  PIA, 

FIGURE  11  -  BUS  WRITE  TIMING  CHARACTERISTICS 
(Write  Information  into  PIAJ 


/24  V 


X20  V 
0.8  V 


X 


oav^\ 


FIGURE  12  -  BUS  TIMING  TEST  LOADS 


Lo«t  A 
(D0D7,  PA0PA7,  PB0PB7,  CA2,  CB2) 

950  V 

tL=  25  k 


LoedB 
(IRQ  Only) 


C»  130  pp  for  00  07 

-  30  pF  for  PA0-PA7.  PB0-PB7,  CA2.  and  CB2 
R-  11.7  k«  for  DO  D7 

-  24  kft  for  PAQ-PA7,  PB0P87,  CA2  and  CB2 
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MC6850 


MAXIMUM  RATINGS 

Rating 

Symbol 

Valut 

Unit 

Supply  Voltage 

vcc 

-0,3  to  +7.0 

Vdc 

Input  Voltage 

vin 

-0.3  to  +7.0 

Vdc 

Operating  Temperature  Range 

TA 

0  to  +70 

°C 

Storage  Temperature  Range 

T«n 

-55  to +150 

°c 

Thermal  Resistance 

fijA 

82.5 

°c/w 

Thii  dowico  contain*  circuitry  to  protect  the 
inputs  against  damage  due  to  high  static 
voltages  or  electric  fields;  however,  it  is  ad 
vised  that  normal  precautions  he  taken  to 
avoid  application  of  any  voltage  higher 
than  maximum  rated  voltages  to  this  high 
impedance  circuit 


ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±5%,  Vss  -  0,  TA 

0  to  70°C  unless  otherwise  noted.) 

Characteristic 

Symbol 

Min 

Typ 

Un,t  ,„ 

Input  High  Voltage 

V|H 

VSs +  20 

- 

VCC 

Input  Low  Voltage 

ViL 

VSS  -0-3 

- 

VSS  +  0'8 

Vdc 

input  Leakage  Current                                            R/W,CS0,CS1  ,CS2,Enable 
(Vin  =  0  to  5.25  Vdc) 

■in 

_ 

1.0 

2.5 

uAdc 

Three-State  (Off  Statel  Input  Current                                                   DO-D7 

'TSi 

~ 

2  0 

10 

Output  High  Voltage                                                                                   D0-D7 

( I  Lood  =  -205  (x Adc,  Enable  Pulse  Width  <25  us)                                

jlLoad  =  -100uAdc,  Enable  Pulse  Width  <25  us)               Tx  Data,  RTS 

V0H 

Vss  +  2  4 
VSS  +  2  4 

_ 

_ 

Vdc 

Output  Low  Voltage 

('Load  =  16  mAdc,  Enable  Pulse  Width  <25  us) 

vol 

VSs +  04 

Output  Leakage  Current  (Off  State)                                                             'R0- 
(V0H  =  2.4  Vdc) 

'loh 

~ 

1.0 

10 

uAdc 

Power  Dissipation 

pd 

~ 

300 

525 

mW 

Input  Capacitance 

(Vjn  =  0,Ta  =  25°C,  f  =  1  °  MHz)                                                  D0— 
E,  Tx  Clk.  Rx  Clk.  R/W.  RS,  Rx  Data.  CS0,  CS1 ,  CS2,  CTS,  DCD 

Cjn 

- 

10 
7.0 

12.5 
7.5 

Output  Capacitance                                                                    RTS,  Tx  Data 
<Vin  =  0,TA  =  25°C,  f  =  1.0  MHz)                                                         IRQ 

cout 

- 

_ 

10 

5.0 

pF 

Minimum  Clock  Pulse  Width,  Low  (Figure  1 )                        +16,  +64  Modes 

PWCL 

600 

_ 

~ 

*?* 

Minimum  Clock  Pulse  Width,  High  (Figure  2)                        +16,  +64  Modes 

PWCH 

600 

" 

" 

n» 

Clock  Frequency                                                                                     *1  Mode 

^-16. +64  Modes 

'C 

~ 

- 

500 
800 

Clock  to-Data  Delay  for  Transmitter  (Figure  3) 

'TDD 

- 

- 

1.0 

ms 

Receive  Data  Setup  Time  (Figure  4)                                                     +1  Mode 

tRDSU 

500 

- 

_ 

ns 

Receive  Data  Hold  Time  (Figure  5)                                                    +1  Mode 

*RDH 

500 

- 

~ 

ns 

Interrupt  Request  Release  Time  (Figure  b) 

MB 

- 

- 

1.2 

MS 

tRTS 

_. 

- 

1.0 

MS 

Input  Transition  Times  (Except. Enable) 

,..,    |      - 

- 

1  0* 

MS 

■  1  0  ms  or  10%  of. the  pulse  width,. whichever  \%  smaller. 
BUS  TIMING  CHARACTERISTICS 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Enable  Cycle  Time 

tcycE 

1.0 

_ 

~ 

Enable  Pulse  Width,  High 

PWEH 

0.45 

- 

Enable  Pulse  Width,  Low 

pwel 

0.43 

- 

_ 

MS 

Setup  Time,  Address  and  R/W  valid  to  Enable  positive  transition 

tAS 

160 

_ 

~ 

ns 

Data  Delay  Time 

*DDR 

- 

_ 

ns 

Data  Hold  Time 

tH 

10 

- 

_ 

ns 

Address  Hold  Time 

*AH 

10 

_ 

~ 

ns 

Rise  and  Fall  Time  for  Enable  input 

*Er.  *Ef 

- 

_ 

25 

ns 

WRITE  (Figure  8  and  91 

Enable  Cycle  Time 

tcycE 

1.0 

- 

" 

MS 

Enable  Pulse  Width,  High 

PWEH 

0.45 

_ 

Enable  Pulse  Width,  Low 

PWEL 

0.43 

- 

- 

MS 

Setup  Time,  Address  and  R/W  valid  to  Enable  positive  transition 

*AS 

160 

_ 

~ 

ns 

Data  Setup  Time 

tDSW 

195 

- 

_ 

ns 

Data  Hold  Time 

»H 

10 

„ 

- 

ns 

tAH 

10 

- 

- 

ns 

Rise  and  Fal!  Time  for  Enable  input 

«6r.  «Ef 

~ 

- 

25 

ns 
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FIGURE  1  -  CLOCK  PULSE  WIDTH,  LOW-STATE 


RxClk                        J 

pwcl „ 

FIGURE  3 

-  TRANSMIT  DATA  OUTPUT  DELAY 

Tx  Clk 

V0.8V                         / 

-m\       tTDD 

X 

2.4  V 

0.4  V 

FIGURES 

~- 

RECEIVE  DATA  HOLD  TIME 
<-fl  Mode) 

RxClk                    / 

L2,V                           \ 

, rRDH 

20  V 
0.8  V  1 

X 

FIGURE  7  -  BUS  READ  TIMING  CHARACTERISTICS 
(Reed  information  from  ACIA) 


zzx 


PWEH1 


3 


X. 


y^- 


FIGURE  2  -  CLOCK  PULSE  WIDTH,  HIGH-STATE 


Tx  Clk                          1 
Rk  Clk  / 

"  2  0  V                           -*  - 

„ PWCH  .. 

FIGURE  4- 

RECEIVE  DATA  SETUP  TIME 

{41  Mode) 

--   )j 

C  2:0\/ 

r  o.av 

"" TRDSU 

/ 

7-    0.8  V 

V 

FIGURE  6   -  REQUEST  TO  SEND  DELAY  AND 
INTERRUPT-REQUEST  RELEASE  TIMES 


Ensbiu 

RTS 

IRQ 

^ 

L.0.BV 

*~tRTS 

X 

24V 
0  4  V 

l 

-J 

/ 

/"" 

FIGURE  8  -  BUS  WRITE  TIMING  CHARACTERISTICS 
IWrtto  information  into  ACIA) 


-IX 


h-PWEL- 
0.8V 


k-    'AH 


Ao,svA 


FIGURE  9  -  BUS  TIMING  TEST  LOADS 


Load  B 
(IRQ  Only) 


R  -  11  7  kil  for  D0-D7 

-  24  k«  for  RTS  end  Tx  Doto 


0 

s 

B 
0 
R 

N 
E 

V 
0 
L 

U 

M 

E 
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MAXIMUM  RATINGS 


Rating 

Symbol 

Value 

Unit 

Supply  Voltage 

vcc 

-0.3  to  +7.0 

Vdc 

Input  Voltage 

Vin 

-0,3  to  +7.0 

Vdc 

Operating  Temperature  Range 

TA 

0  to  +70 

OC 

Storage  Temperature  Range 

Tstg 

-55  to +150 

°C 

Thermal  Resistance 

OJA 

70 

°C/W 

Thit  device  contains  circuitry  to  protect 
the  input*  against  damage  due  to  high  » 
static  voltages  or  electric  field*;  however, 
it  it  advised  that  normal  precautions  be 
taken  to  avoid  application  of  any  voltage 
higher  than  maximum  rated  voltages  to- 
thit  high-impedance  circuit. 


ELECTRICAL  CHARACTERISTICS   (Vcc  =  5.0  V  ±5%.   vss  =  o. 

TA  =  0 

o  70°C  unless  otherwise  noted.) 

Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input  High  Voltage 

V|H 

VSS  +  2.0 

-, 

_ 

Vdc 

Input  Low  Voltage 

V|L 

_ 

-' 

VSS  +  0.8 

Vdc 

Input  Leakage  Current                    Tx  Clk,  Rx  Cik,  Rx  Data,  Enable, 
<Virl  *  0  to  5.25  Vdc)               Reset,  RS,  R/W,  CS,  DCO,  CTS 

'in 

-    , 

10 

2.5 

MAdc 

Three-State  (Off  State)  Input  Current                                   D0-D7 
■      (Vin  *=  0.4  to  2.4  Vdc,  VCC  =  5.25  Vdc) 

!TSi 

~ 

2.0 

10 

uAdc 

Output  High  Voltage 

('Load  =  -205  fAdc-  Enable  Pulse  Width  <25^s)       D0-D7 
('Load  =  -100  jjAdc,  Enable  Pulse  Width  <25ms) 

Tx  Data,  DTR,  TUF 

VOH 

VSS  +  2-4 

VSS  +  2-4 

. 

~ 

Vdc 

Output  Low.  Voltage 

"Load  =  1-6  mAdc,  Enable  Pulse  Width  <25*is) 

vol 

- 

~ 

VSS  +  0-4 

Vdc 

Output  Leakage  Current  (Off  State)                                         IRQ 
(Vqh  =  2.4  Vdc) 

'LOH 

_ 

10 

10 

„Adc 

Power  Dissipation 

PD 

_ 

300 

525 

mW 

Input  Capacitance 

(Vin  =  0,  TA  =  25°C,  f  =  10  MHz)                                D0-D7 
All  Other  Inputs 

cin 

: 

Z 

12  5 
7.5 

pF 

Output  Capacitance                                      Tx  Data,  SM/DTR,  TUF 
(Vin  =  0,  TA  »  25°C,  f  =  1.0  MH*)                    IRQ 

Cout 

10 
5.0 

PF 

Minimum  Clock  Pulse  Width,  Low  (Figure  1) 

PWCL 

700 

- 

„ 

ns 

Minimum  Clock  Pulse  Width.  High  (Figure  2) 

PWCH 

700 

_ 

- 

ns 

Clock  Frequency 

fC 

- 

- 

600 

kHz 

Receive  Data  Setup  Time  (Figure  3, 7) 

'RDSU 

350 

- 

... 

ns 

Receive  Data  Hold  Time  (Figure  3) 

«RDH 

350 

-        I 

ns 

Sync  Match  Delay  Time  (Figure  3) 

«SM 

- 

1.0 

fs 

Clock -to-Data  Delay  for  Transmitter  (Figure  4) 

«TDD 

- 

- 

1.0 

J1S 

Transmitter  Underflow  (Figure 4.6) 

'TUF 

- 

-_ 

1.0 

fs 

DTR  Delay  Time  (Figure  5) 

'DTR 

- 

1.0 

lis 

Interrupt  Request  Release  Time  (Figure  5) 

lIR 

- 

- 

1.2 

JJS 

Reset  Minimum  Pulse  Width 

'Res 

1.0 

„ 

- 

MS 

CTS  Setup  Time  (Figure  6} 

'CTS 

- 

200 

ns 

DCD  Setup  Time  (Figure  7) 

«DCD 

- 

500 

ns 

Input  Rise  and  Fall  Times  (except  Enable) 
(0.8  V  to  2.0  V) 

tr,  tf 

- 

10" 

ps 

•10  us  or  10%  of  the  pulse  width,  whichever  is  smaller.  ■ 


FIGURE  1  -  CLOCK  PULSE  WIDTH,  LOW-STATE 


FIGURE  2  -  CLOCK  PULSE  WIDTH,  HIGH  STATE 


Tx  Clk                    >i 
Rx  Clk                        J 

PWCL - 

;0.8V 

Tx  Clk                        1 
Rx  Clk  / 

1                                          1 

....             i 

- PWCH «-| 
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BUS  TIMING  CHARACTERISTICS 
READ  (Pifltiri  8  wd  10) 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Unit 

Enable  Cycle  Time 

lcycE 

1.0 

- 

- 

m 

€nable  Pulse  Width,  High                                                                    ' 

PWEH 

0.45 

_ 

25 

us 

Enable  Pulse  Width,  Low 

PWE, 

0.43 

- 

_ 

Setup  Time,  Address  and  R/W  valid  to  Enable  positive  transition 

<AS 

160 

_ 

- 

Data  Delay  Time 

•DDR 

_ 

- 

320 

ns 

Data.Hold  Time 

*H 

10 

_ 

- 

ns 

Address- Hold  Time 

tAH 

10 

- 

_ 

ns 

Rise  and  Fall  Time  for  Enable  input 

tEr.  «Ef 

_ 

- 

25 

ns 

^WRITE  (Figures  9  and  10)                                                                                                                                                                                  ~* 

Enable  Cycle  Time 

<cvcE 

1.0 

- 

-. 

m 

Enable  Pulse  Width,  High 

PWEH. 

0.45 

_ 

25 

MS 

Enable  Pulse  Width,  Low 

-.PVWel 

0.43 

- 

_ 

MS 

Setup- Time,  Address "tind  R/W  valid  to  Enable.positive  transition 

<AS 

160 

_ 

-     ' 

ns 

Data  Setup  Time 

«DSW 

195 

- 

_. 

ns 

Data  Hold  Time 

»H 

10 

- 

- 

ns 

Address  Hold  Time 
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Chapter  9 
THE  MOS  TECHNOLOGY  MCS6500 


In  many  ways  the  MCS6500  microcomputer  systems  can  be  compared  to  the 
Zilog  Z80,  which  we  described  in  Chapter  7.  Just  as  the  Z80  is  an  enhancement  of 
the  8080A,  which  is  described  in  Chapter  4,  so  MOS  Technology's  products  are 
enhancements  of  the  MC6800,  which  we  described  in  Chapter  8. 

But  there  are  some  interesting  conceptual  differences  between  the  way  MOS 
Technology  went  about  enhancing  the  MC6800,  as  against  the  product  enhance- 
ment philosophy  adopted  by  Zilog. 

The  Z80  is  indeed  an  enhancement  of  the  8080A,  but  only  to  the  extent  that  the 
8080A  instruction  set  is  a  subset  of  the  Z80  instruction  set;  there  are  architec- 
tural similarities  between  the  Z80  and  the  8080A,  but  System  Bus  philosophies 
are  markedly  different.  It  would  be  hard  to  look  upon  the  Z80  as  simply  another 
member  of  the  8080A  family  of  microcomputer  devices. 

The  MCS6500  product  line,  by  way  of  contrast,  can  be  looked  upon  as  a  CPU 
whose  philosophical  concepts  agree  closely  with  the  MC6800  product  line  — 
without  being  in  any  way  compatible,  either  in  terms  of  instruction  set  or  System 
Bus  philosophy.  While  on  the  surface  it  may  appear  as  though  MCS6500  CPUs  repre- 
sent some  form  of  an  MC6800  superset,  this  is  not  the  case.  System  Busses  are  suffi- 
ciently different  that  you  could  not  consider  replacing  an  MC6800  CPU  with  an 
MCS6500  equivalent  leaving  other  logic  unaltered  Instruction  sets  are  similar,  but 
deceptively  so.  In  reality,  the  instruction  sets  are  sufficiently  different  that  converting 
an  MC6800  source  program  to  its  MCS6500  equivalent  is  no  simple  task.  It  would  be 
completely  impossible  to  take  an  MC6800  program  ROM  and  use  it  to  drive  an 
MCS6500  CPU  Recall  that  you  can  take  an  8080A  program  ROM  and  use  it  to  drive  a 
Z80  CPU 

Since  this  chapter  is  devoted  to  the  MOS  Technology  product  line,  let  us  begin  by 
summarizing  the  components  of  this  product  line,  and  the  principal  CPU  enhance- 
ments that  have  been  made. 

The  MOS  Technology  devices  described  in  this  chapter  consist  of  nine  CPUs,  plus  two 
support  circuits  A  third  support  circuit  is  described  in  Chapter  8 

The  nine  CPUs  share  the  same  instruction  set  and  addressing  modes,  but  have  minor 
differences  in  packaging  and  system  interface.  Table  9-1  summarizes  the  nine  CPUs 

The  two  support  circuits  which  are  described  in  this  chapter  are  the  MCS6522  Periph- 
eral Interface  Adapter,  and  the  MCS6530  combination  logic  device  The  MCS6520  PIA 
is  identical  to  the  MC6852  PIA;  for  a  description  of  this  device  see  Chapter  8 

In  order  to  enhance  the  MC6800  CPU,  MOS  Technology  made  a  number  of  useful, 
yet  obvious  instruction  set  changes;  they  also  made  a  number  of  subjective 
architectural  changes  which  might  have  significant  impact  in  particular  applica- 
tions, but  in  general,  result  in  products  that  adhere  quite  closely  to  MC6800 
philosophy. 

The  most  important  enhancement  that  MOS  Technology  made  is  to  develop  a 
whole  family  of  CPU  devices. 
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The  second  most  important  feature  of  the  MCS6500  line  of  CPU  devices  is  the 
fact  that  the  MCS650X  series  CPUs  contain  on-chip  clock  logic;  therefore,  when 
using  these  CPUs,  you  do  not  need  an  MC6870  series  clock  device.  However,  you  will 
need  an  externa!  crystal  oscillator  or  RC  network  —  which  is  typical  of  any 
microprocessor  with  on-chip  clock  logic. 

Another  important  feature  of  all  MCS6500  series  CPUs  is  that  you  cannot  float 
the  Address  and  Data  Busses  separately  during  $1  high  and  $1  low  clock  pulses 
and  there  is  no  HALT  condition.  Also,  you  cannot  stretch  clock  pulses.  Slow  memo- 
ries are  accommodated  in  the  more  traditional  manner,  by  allowing  you  to  insert  extra 
machine  cycles,  equivalent  to  8080A  Wait  states, 

If  you  are  making  extensive  use  of  clock  stretching,  or  DMA  data  transfers  during  Halt 
states  in  an  MC6800  microcomputer  system,  switching  to  an  MCS6500  CPU  will  re- 
quire considerable    system  redesign 

In  order  to  perform  Direct  Memory  Access  or  dynamic  memory  refresh  operations 
using  an  MCS6500  CPU,  you  must  again  "steal"  machine  cycles  by  inserting  Wait 
states,  as  you  would  for  slow  memories. 

MOS  Technology,  the  principal  manufacturer  of  the  MCS6500  product  line,  is  lo- 
cated at: 

MOS  TECHNOLOGY  INC 
950  Rittenhouse  Road 
Norristown,  PA    19401 

The  second  source  is: 

SYNERTEK  INC 
1901  Old  Middlefield  Way 
Mountain  View,  CA  94043 

The  MCS6500  devices  use  a  single  +5V  power  supply.  Using  a  1  microsecond 
clock,  instruction  execution  times  range  from  2  to  12  microseconds. 

All  MCS6500  devices  have  TTL  compatible  signals. 

N-channel,  silicon  gate,  depletion  load  MOS  technology  is  used  for  MCS6500 
devices. 


THE  MCS6500  SERIES  CPUS 

Functions  implemented  on  any  of  the  MCS6500CPUs  are  illustrated  in  Figure  9-1. 
As  this  figure  would  imply,  capabilities  offered  by  the  various  MCS6500  CPUs 
differ  in  scope  rather  than  function. 
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MCS6500  SERIES  CPU  PROGRAMMABLE  REGISTERS 

The  MCS6500  series  CPUs  all  have  the  same  programmable  registers;  they  may 
be  illustrated  as  follows : 


Accumulator  A 
Index  Register  X 
Index  Register  Y 
Program  Counter  PC 
Stack  Pointer  SP 
Status  Register 


The  MC6800  has  two  Accumulators;  the  MCS6500  has  just  one. 

The  Index  register  represents  a  significant  departure  from  the  MC6800.  The 
MCS6500  break's  one  16-bit  Index  register  into  two  8-bit  Index  registers. 

The  MCS6500  Stack  Pointer  also  represents  a  significant  departure  from  MC6800 
architecture  The  MC6800  Stack  Pointer  is  16  bits  wide,  which  means  that  the  Stack 
may  be  located  anywhere  in  memory,  and  may  be  of  any  length.  The  MCS6500  Stack 
Pointer  is  8  bits  wide,  which  means  that  maximum  Stack  length  is  256  bytes.  The 

CPU  always  appends  01 15  as  the  high  order  byte  of  any  Stack  address,  which  means 
that  memory  locations  0100^  through  OlFF-je  are  permanently  assigned  to  the  Stack: 

1         *,X        I  sp 


01 XX  is  the  Stack  address 

There  is  nothing  very  significant  about  the  shorter  MCS6500  Stack  Pointer  if  you 
are  using  this  CPU  as  a  stand-alone  product.  A  256-byte  Stack  is  usually  sufficient  for 
any  typical  microcomputer  application;  and  its  location  in  early  memory  simply  means 
that  low  memory  addresses  must  be  implemented  as  read/write  memory  If  you  are 
transferring  from  an  MC6800  to  an  MCS6500,  however,  there  are  two  very  im- 
portant consequences  of  the  shorter  MCS6500  Stack  Pointer. 

The  first  and  most  important  consequence  is  that  you  are  unlikely  to  be  so  lucky  as  to 
have  implemented  the  MC6800  Stack  within  the  address  space  that  the  MCS6500  re- 
quires. Therefore,  you  will  have  to  reassemble'MC6800  programs,  repartitioning  memo- 
ry in  order  to  run  the  same  programs  in  an  MCS6500  microcomputer  system. 

A  less  obvious  consequence  of  a  shorter  MCS6500  Stack  Pointer  is  the  fact  that  many 
MC6800  programs  use  the  Stack  Pointer  as  an  alternate  Index  register  If  you  have  used 
the  Stack  Pointer  in  this  way  when  writing  programs  for  an  MC6800  microcomputer 
system,  the  program  conversion,  when  going  to  an  MCS6500  system,  could  be  signifi- 
cant 

The  MCS6500  Program  Counter  is  a  typical  program  counter,  identical  to  the 
MC6800  implementation. 

MCS6500  MEMORY  ADDRESSING  MODES 

MCS6500  memory  reference  instructions  use  direct  addressing,  indexed  address- 
ing, and  indirect  addressing.  The  MC6800  has  no  indirect  addressing  and  different 
indexed  addressing. 
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The  MCS800  and  MCS6500  have  identical  direct  addressing.  Three-byte  instruc- 
tions use  the  second  and  third  bytes  of  the  object  code  to  provide  a  direct,  16-bit  ad- 
dress, therefore,  65,536  bytes  of  memory  can  be  addressed  directly.  The  commonly 
used  memory  reference  instructions  also  have  a  two-byte  object  code  variation,  where 
the  second  byte  directly  addresses  one  of  the  first  256  bytes  of  memory. 

MCS6500  direct  indexed  addressing  differs  markedly  from  MC6800  indexed  ad- 
dressing. 

The  MCS6500  offers  base  page,  indexed  addressing.  In  this  case,  the  instruction 
has  two  bytes  of  object  code  The  contents  .of  either  the  X  or  Y  Index  registers  are  added 
to  the  second  object  code  byte  in  order  to  compute  a  memory  address.  This  may  be  il- 
lustrated as  follows: 


X  or  Y  Index 
register 

XX 


PROGRAM 

MEMORY 

OP 

r* 

PP 

Two-byte  instruction 
object  code 


Effective  address  -■=  XX  +  pp 


Base  page,  indexed  addressing,  as  illustrated  above,  is  wraparound — which  means 
that  there  is  no  carry.  If  the  sum  of  the  Index  register  and  second  object  code  byte  con- 
tents is  more  than  FF-iq,  the  carry  bit  will  be  discarded  This  may  be  illustrated  as 
follows; 


PP 

=      A3 

XX 

=      9A 
1.3D 

)  \ 

Discard 

■  ■^ 

/  \ 

^  Result  is  3D 

Carry 

Absolute  indexed  addressing  is  also  provided.  In  this  case,  the  contents  of  either  the 
X  or  the  Y  Index  register  are  added  to  a  16-bit  direct  address  provided  by  the  second 
and  third  bytes  of  an  instruction's  object  code,  This  may  be  illustrated  as  follows: 

PROGRAM 
MEMORY 


Three-byte  instruction 
object  ode 


X  or  Y  Index 

register 

OP 

1          XX           I 

PP  , 

y  ^* 

^ 

f                      * 

QQ 

\ 

H 

Effective  address  =  PPQQ  +  XX 
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Indirect  addressing  represents  a  feature  of  the  MCS6500  which  the  MC6800  does 
not  have.  Instructions  that  use  simple  indirect  addressing  have  three  bytes  of  ob- 
ject code.  The  second  and  third  object  code  bytes  provide  a  16-bit  address;  therefore, 
the  indirect  address  can  be  located  anywhere  in  memory.  This  is  straightforward  in- 
direct addressing,  as  described  in  Volume  I,  Chapter  6 

MCS6500  indirect,  indexed  addressing  comes  in  two  forms:  there  is  pre-indexed 
indirect  addressing  and  there  is  post-indexed  indirect  addressing. 

In  each  case  the  instruction  object  code  is  two  bytes  long  and  the  second  object  code 
byte  provides  an  8-bit  address. 

Instructions  with  pre-indexed  indirect  addressing  add  the  contents  of  the  X  Index 
register  and  the  second  ohjectxode  byte  to  access  a  memory  location  in  the  first  256 
bytes  of  memory,  where  the  indirect  address  will  be  found: 


Effective  address  =  QQRR 


Two-byte  instruction 
object  code 


When  using  pre-indexed  indirect  addressing,  once  again  wraparound  addition  is  used, 
which  means  that  when  the  X  Index  register  contents  are  added  to  the  second  object 
code  byte,  any  carry  will  be  discarded  Note  that  only  the  X  Index  register  can  be  used 
with  pre-indexed  indirect  addressing. 
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The  Y  Index  register  is  used  for  post-indexed  indirect  addressing;  now  the  second 
object  code  byte  identifies  a  location  in  the  first  256  bytes  of  memory  where  an  indirect 
address  will  be  found  The  contents  of  the  Y  Index  register  are  added  to  this  indirect  ad- 
dress. This  may  be  illustrated  as  follows: 


DATA 

MEMORY 

(in  base  page) 


Y  Index 
register 


YY 


QQRR  +  OOYY 
is  the  effective 


QQ 


RR 


PROGRAM 
MEMORY 


OP 


pp 


PP-2 
PP-1 

PP  -«m 
PP+  1 

PP  +  2 


)  Two-byte  instruction 
)  object  code 


Note  that  only  the  Y  Index  register  can  be  used  with  post-indexed  indirect  addressing. 
MCS6500  Branch  and  Branch-on-Condition  instructions  use  program  relative, 
direct  addressing  as  described  for  the  MC6800.  These  instructions  have  two  bytes  of 
object  code.  The  second  object  code  byte  is  treated  as  an  8-bit,  signed  binary  number, 
which  is  added  to  the  Program  Counter  after  the  Program  Counter  contents  have  been 
incremented  to  address  the  next  sequential  instruction.  This  allows  displacements  in 
the  range  +129  through  -126  bytes. 

The  MCS6500  literature  uses  the  term  implied  addressing,  as  Motorola's  MC6800 
literature  does,  to  describe  instructions  that  identify  one  of  the  programmable  registers 
The  MCS6500  does  not  have  implied  addressing  as  the  term  is  used  in  this  book. 

MCS6500  STATUS  FLAGS 

The  MCS6500  has  a  Status  register  which  maintains  six  status  flags  and  a  master 
interrupt  control  bit.  These  are  the  six  status  flags: 

Carry  (0 
Zero  0 
Overflow  (0) 
Sign  (S) 

Decimal  Mode  (D) 
Break  (B) 

Statuses  are  assigned  bit  positions  within  the  Status  register  as  follows; 


7    6    5    4    3    2    10 
IslQl     |B|D|.|Z|c1 


-  Bit  No. 

-  Status  Register  MCS6500 


7    6    5    4    3    2    1     0  ««*- 

I  I  hJ.lsHolch- 


•  Bit  No. 

-Status  Register  MC6800 
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In  the  illustration  above,  MCS6500  statuses  and  status  bit  assignments  that  differ  from 
MC6800  equivalents  have  been  shaded. 

The  Carry,  Zero  and  Sign  statuses  are  absolutely  standard,  and  are  identical  to  the 
.  MC6800. 

Carry  represents  any  carry  out  of  bit  7  during  arithmetic  or  logical  operations. 

Zero  is  set  to  1  when  any  arithmetic  or  logical  operation  results  in  a  0  value.  Zero  is  set 
to  0  otherwise. 

The  Sign  status  will  acquire  the  value  of  the  high  order  (Sign)  bit  of  any  arithmetic 
operation  result  Thus,  a  Sign  status  value  of  1  identifies  a  negative  result  and  a  Sign 
status  of  0  identifies  a  positive  result.  The  Sign  status  will  be  set  or  reset  on  the 
assumption  that  you  are  using  signed  binary  arithmetic.  If  you  are  not  using  signed  bin- 
ary arithmetic,  you  can  ignore  the  Sign  status,  or  you  can  use  it  to  identify  the  value  of 
the  high  order'result  bit 

The  Decimal  Mode  and  Break  statuses  have  no  MC6800  equivalent. 
The  Decimal  Mode  status,  when  set,  causes  the  Add-with-Carry  and  Subtract- 
with-Carry  instructions  to  perform  BCD  operations.  Thus,  when  the  Decimal  Mode 
status  is  set  and  an  Add-with-Carry  or  Subtract-with-Carry  instruction  is  executed,  CPU 
logic  assumes  that  both  source  8-bit  values  are  valid  BCD  numbers— and  a  result 
generated  will  also  be  a  valid  BCD  number.  Because  MCS6500  CPUs  perform  decimal 
addition  and  subtraction,  there  is  no  need  for  an  Intermediate  Carry  status  This  status 
is  used  for  decimal  adjust  operations  only,  as  described  in  Volume  I 
The  Break  status  pertains  to  software  interrupts.  MCS6500  supports  software  inter- 
rupts, just  as  the  MC6800  does.  When  a  software  interrupt  is  executed,  however 
MCS6500  CPU  logic  will  set  the  Break  status  flag 

I  is  a  standard  master  interrupt  enable/disable  flag.  When  I  equals  1,  interrupts  are 
disabled;  when  I  equals  0,  interrupts  are  enabled. 

The  Overflow  status  is  a  typical  overflow,  except  that  it  can  also  be  used  as  a 
control  input.  Recall  that  an  Overflow  status  represents  a  carry  when  performing 
signed  binary  arithmetic.  The  Overflow  status  has  been  discussed  in  detail  in  Volume  I 
it  equals  the  exc!usive;OR  of  carries  out  of  bits  6  and  7  when  performing  arithmetic 
operations.  Some  MCS6500  CPUs  allow  external  logic  to  set  or  reset  the  Overflow 
status,  in  which  case  it  can  be  used  subsequently  as  a  general  logic  indicator;  you  must 
be  very  careful  when  using  the  Overflow  status  in  this  way,  since  the  same  status  flag 
will  be  modified  by  arithmetic  instructions  It  is  up  to  you,  as  a  programmer,  to  make 
sure  that  an  instruction  which  modifies  the  Overflow  status  is  not  executed  in  between 
the  time  external  logic  sets  or  resets  this  status,  and  subsequent  program  logic  tests  it 

MCS6500  CPU  PINS  AND  SIGNALS 

Figures  9-2  through  9-10  illustrate  pins  and  signals  for  the  nine  CPUs  of  the 
MCS6500  family.  Shaded  pins  in  Figures  9-2  and  9-7  identify  signals  which  are 
identical  to  the  MC6800,  both  in  pin  location  and  signal  type.  Most  of  the  28-pin 
MCS6500  series  CPUs  have  signals  which  are  identical  to  those  of  the  MC6800- 
however,  between  a  40-pin  DIP  and  a  28-pin  DIP,  it  is  impossible  to  talk  about  pin 
compatibility, 

MCS6500  signals  may  be  divided  between  those  that  have  MC6800  equivalents  and 
those  that  do  not.  We  are  going  to  describe  all  of  the  MCS6500  series  signals,  as  a 
group  In  order  to  determine  which  signals  are  available  on  the  different  MCS6500 
CPUs,  see  Table  9-1. 

Let  us  begin  with  the  signals  which  are  direct  reproductions  of  MC6800  signals. 
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Pin  Name 

Description 

Type 

R/W 

Read /Write  control 

Output 

IRQ 

Interrupt  request 

input 

NMI 

Non-maskable  interrupt 

Input 

RESET 

Reset 

Input 

*0 

CPU  clock 

Input 

*1,  (J>2 

System  clocks 

Output 

DBO  -  DB7 

Data  Bus 

Tristate,  bidirectional 

ABO- AB15 

Address  Bus 

Output 

RDY 

Single  cycle  control 

Input 

SO 

Set  Overflow  flag 

Input 

SYNC 

Identify  op  code  fetch  cycle 

Output 

vcc  vss 

Power  and  Ground 

Figure  9-2    MCS6502  Signals  And  Pin  Assignments 
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Pin  Name 

R/W 

IRQ 

NMI 

RESET 

<K) 

<P2 

DBO  -  DB7 

ABO-AB11 

vcc,  vss 


MCS6503 


Description 

Read/Write  control 

Interrupt  request 

Non-maskable  interrupt 

Reset 

CPU  clock 

System  clock 

Data  Bus 

Address  Bus 

Power  and  Ground 


Type 

Output 

Input 

Input 

Input 

Input 

Output 

Tristate,  bidirectional 

Output 


Figure  9-3.  MCS6503  Signals  And  Pin  Assignments 


RESET  

VSS 

IRQ 

vcc 

ABO-"*- 

AB1  -~m- 

AB2  -*•- 
AB3  -**- 
AB4  -*k- 
AB5  -^- 
AB6  -««- 
AB7  -^- 
AB8  -*«- 


Pin  Name 

Description 

R/W 

Read/Write  control 

IRQ 

Interrupt  request 

RESET 

Reset 

<K) 

CPU  clock 

4>2 

System  clock 

DBO  -  DB7 

Data  Bus 

AB0-AB12 

Address  Bus 

vcc,  vss 

Power  and  Ground 

Type 

Output 

Input 

Input 

Input 

Output 

Tristate,  bidirectional 

Output 


Figure  9-4    MCS6504  Signals  And  Pin  Assignments 
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Pin  Name 

Description 

R/W 

Read /Write  control 

IRQ 

Interrupt  request 

RESET 

Reset 

#0 

CPU  clock 

<S>2 

System  clock 

DBO  -  DB7 

Data  Bus 

ABO- AB11 

Address  Bus 

RDY 

Single  cycle  control 

vcc,  vss 

Power  and  Ground 

Type 

Output 

Input 

Input 

Input 

Output 

Tri state,  bidirectional 

Output 

Input 


Figure  9-5;  MCS6505  Signals  And  Pin  Assignments 


Pin  Name 

Description 

R/W 

Read/Write  control 

IRQ 

Interrupt  request 

RESET 

Reset 

<&) 

CPU  clock 

4>1,  <J>2 

System  clocks 

DBO  -  DB7 

Data  Bus 

AB0-AB11 

Address  Bus 

vcc,  vss 

Power  and  Ground 

Type 

Output 
Input 
Input 
Input 
Output 

'•Tristate,  bidirectional 
Output 


Figure  9-6    MCS6506  Signals  And  Pin  Assignments 
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Description 

Data  Bus  Enable 

Read/Write  control 

Interrupt  request 

Non  maskable  interrupt 

Reset 

CPU  clocks 

System  clock 

Data  Bus 

Address  Bus 

Single  cycle  control 

Set  Overflow  flag 

Identify  op  code  fetch  cycle 

Power  and  Ground 


Type 

Input 

Output 

Input 

Input 

Input 

Input 

Output 

Tristate,  bidirectional 

Output 

Input 

Input 

Output 


Figure  9-7    MCS6512  Signals  And  Pin  Assignments 
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Pin  Name 

Description 

R/W 

Read/Write  control 

IRQ 

Interrupt  request 

NMi 
RESET 

Non-maskable  interrupt 
Reset 

4>1,  *2 

CPU  clocks 

DBO  -  DB7 

Data  Bus 

ABO-AB11 

Address  Bus 

vcc  vss 

Power  and  Ground 

Type 

Output 

Input 

Input 

Input 

Input 

Tristate,  bidirectional 

Output 


Figure  9-8    MCS6513  Signals  And  Pin  Assignments 


Pin  Name 

Description 

R/W 

Read /Write  control 

IRQ 

Interrupt  request 

RESET 

Reset 

*1,  #2 

CPU  clocks 

DBO  -  DB7 

Data  Bus 

AB0-AB12 

Address  Bus 

vcc,  vss 

Power  and  Ground 

Type 

Output 

Input 

Input 

Input 

Tristate,  bidirectional 

Output 


Figure  9-9/  MCS6514  Signals  And  Pin  Assignments 
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Pin  Name 

Description 

R/W 

Read/Write  control 

IRQ 
RESET 

Interrupt  request 
Reset 

$1,  $2 

CPU  clocks 

DB0-DB7 

Data  Bus 

AB0-AB11 

Address  Bus 

RDY 

Single  cycle  control 

vcc-  vss 

Power  and  Ground 

Type 

Output 

Input 

Input 

Input 

Tristate,  bidirectional 

Output 

Input 


Figure  9-10.   MCS6515  Signals  And  Pin  Assignments 

DATA  BUS  ENABLE  (DBE),  Only  the  MCS6512  CPU  supports  this  signal  This  signal  is 
input  Jovy  .in  order  to  float  the  Data  Bus.  DBE  is  frequently  tied  to  the  4>2 -clock  input  in 
which  case  <i>2  and  DBE  are  identical  signals 

READ/WRITE  (R/W).  When  high,  this  signal  indicates  that  the  CPU  wishes  to  read  data 
off  the  Data  Bus;  when  low,  this  signal-indicates  that  the  CPU  is  outputting  data  on  the 
Data  Bus.  The  normal  standby  state  for  this  signal  is  "read"  (high) 

INTERRUPT  REQUEST  (IRQ).  This  signal  is  used  by  external  logic  to  request  an  interrupt 
If  interrupts  have  been  enabled,  then  the  CPU  will  acknowledge  an  interrupt  at  the  end 
of  the  currently  executing  instruction.  There  is  a  small  difference  between  MCS6500 
and  MC6800  interrupt  acknowledge  logic  The  MC6800'cannot  acknowledge  an  inter- 
rupt while  it  is  in  the  Halt  state.  The  MCS6500  has  no  Halt  state,  therefore  this  situation 
cannot  arise, 

NONMASKABLE  INTERRUPT  (NMI).  This  signal  differs  from  IRQ.  in  that  it  cannot  be  in- 
hibited. Typically  this  input  is  used  for  catastrophic  interrupts  such  as  power  failure 
RESET  This  is  a  typical  RESET  signal.  Reset  logic  within  an  MCS6500  microcomputer 
system  is  identical  to  Reset  logic  within  an  MCS6800  microcomputer  system 

Next  consider  MC6800  signals  which  are  the  same  on  some  MCS6500  CPUs,  but 
not  on  others. 

The  clock  signals  <D1  and  d>2  are  identical  to  MC6800  clock  signals  for  the 
■  MCS651X  series  CPUs.  These  CPUs  require  external  clock  signals  whose  waveforms 
are  identical  to  the  MC6800.  The  MCS650X  series  CPUs  have  clock  logic  on  the 
CPU  chip;  these  CPUs  output  $2;  the  MCS6502  and  the  MCS6506  output  <f>1  as 
well. 

The  Data  Bus  of  the  MCS6500  series  CPUs  is  identical  to  that  of  the  MC6800.  The 

Data  Bus  is  a  tristate,  8-bit  bidirectional  bus  via  which  data  is  transferred  between 
memory   and   all  "MCS6500    microcomputer  system   devices.    However,    only   the 
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MCS6512  has  a  DBE  input  for  external  control  of  the  bus.  On  MCS6500  CPUs  other 
than  the  MCS6512,  an  internal  Data  Bus  Enable  is  connected  to  <i>2;  in  these  devices 
the  Data  Bus  is  always  floated  during  the  first  part  of  a  machine  cycle. 

We  will  now  look  at  the  CPU  signals  which  are  unique  to  the  MCS6500  microcom- 
puter system. 

The  Address  Bus  in  MCS6500  microcomputer  systems  is  not  a  tristate  bus  and  cannot 
be  floated  Also,  the  28-pin  MCS6500  series  CPUs  have  either  12  or  13  Address  Bus 
lines,  allowing  a  total  memory  space  of  either  4K  or  8K  bytes.  The  Address  Bus  is  used 
in  the  normal  way  by  the  CPU  to  output  memory  addresses. 

READY  (RDY)  is  an  input  control  signal  which,  in  MCS6500  microcomputer  systems, 
performs  the  task  of  MC6800  TSC  DBE  and  HALT  signals  The  RDY  input  causes  the 
equivalent  of  a  Wait  machine  cycle  to  be  inserted  within  the  normal  machine  cycle  se- 
quence In  order  to  generate  a  Wait  machine  cycle,  RDY  must  make  a  high-to-low  tran- 
sition during  a  <I>1  high  clock  pulse  in  any  machine  cycle  other  than  a  write.  We  will  il- 
lustrate the  use  of  the  RDY  signal,  and  discuss  a  number  of  its  non-obvious  ramifica- 
tions, following  this  summary  description  of  MCS6500  signals. 

The  Set  Overflow  flag  (SO)  signal  can  be  used  to  set  to  1  the  Overflow  bit  of  the 

Status  register  The  SO  input  must  make  a  high-to-low  transition  on  the  trailing  edge  of 
the  <t>1  pulse  in  order  for  the  Overflow  bit  of  the  Status  register  to  be  set  to  1 .  This  may 
be  illustrated  as  follows: 


O  status  flag  = 

You  cannot  use  the  SO  input  signal  in  order  to  reset  the  Overflow  bit  of  the  Status 
register  to  0  Note  that  external  logic  must  use  the  <M  clock  signal  in  order  to  synchron- 
ize the  SO  high-to-low  transition,  A  simple  7474  flip-flop  can  be  used  for  this  purpose: 


Synchronized- SO 


The  SYNC  signal  is  used  to  identify  instruction  fetch  machine  cycles.  There  are  a 
number  of  important  uses  for  this  signal  which  we  will  discuss  along  with  general  in- 
struction timing 
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MCS6500  TIMING  AND  INSTRUCTION  EXECUTION 

MCS6500  CPUs  execute  instructions  using  exactly  the  same  clock  signals, 
machine  cycles  and  machine  cycle  types  as  described  for  the  MC6800  in  Chapter 
8. 

Recall  that  the  two  clock  signals,  <$>1  and  4>2,  define  machine  cycles  as  follows: 


f\_ 


So  far  as  external  logic  is  concerned,  there  are  only  three  types  of  machine  cycles 
which  can  occur  during  an  instruction's  execution: 

1)  A  read  operation  during  which  a  byte  of  data  must  be  input  to  the  CPU, 

2)  A  write  operation  during  which  a  byte  of  data  is  output  by  the  CPU. 

3)  An  internal  operation  during  which  no  activity  occurs  on  the  System  Bus. 

As  was  the  case  with  the  MC6800,  all  MCS6500  instructions  have  timing  which 
is  a  simple  concatenation  of  the  three  basic  machine  cycle  types.  See  Figures  8-3 
and  8-4  and  the  accompanying  text  in  Chapter  8  for  a  description  of  these  three 
basic  machine  cycles. 

Instruction  execution  differences  between  the  MC6800  and  MCS6500  arise  only  when 
we  depart  from  simple  instruction  execution  logic  The  MCS6500  SYNC  signal  is  also  a 
difference  to  be  noted;  the  SYNC  signal  identifies  MCS6500  machine  cycles  during 
which  any  instruction  object  code  is  being  fetched.  SYNC  timing  may  be  illustrated  as 
follows- 


#2 


Instruction 

fetch  machine 

cycle 


MCS6500  CPUs  do  not  allow  the  4>1  and  &2  clocks  to  be  stretched,  nor  do  they  allow 
the  Data  and  Address  Busses  to  be  floated,  also,  there  is  no  Halt  state  The  single  RDY 
signal  is  used  to  interface  slow  memories,  to  refresh  dynamic  memories  or  to  per- 
form Direct  Memory  Access  operations. 
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What  the  RDY  input  signal  does  is  allow  you  to  insert  one  or 
more  Wait  machine  cycles  in  between  two  normal  instruction 
execution  machine  cycles: 


MCS6500 

WAIT 

STATE 


I 


n n 


jn_ 


r\ 


T\ 


WAIT 


Machine 
Cycle  N  +  1 


I 


The  RDY  input  allows  Wait  machine  cycles  to  be  inserted  within  any  instruction's  nor- 
mal sequence  of  machine  cycles  For  Wait  machine  cycles  to  occur,  the  RDYJnput  must 
make  a  high-to-low  transition  during  a  4>1  high  clock  pulse  This  transition  may  occur 
during  any  nonwrite  machine  cycle  Timing  may  be  illustrated  as  follows: 


*2 


Machine  •  WAIT 

Cycle  N  ! 

Wait  machine  cycles  will  be  inserted  until  RDY  is  sensed  high  during  a  <f>2  high  pulse. 

If  an  RDY  high-to-low  transition  occurs  during  a  write  machine  cycle,  then  the  Wait 
states  will  still  be  inserted,  but  the  insertion  will  occur  following  the  next  nonwrite 
machine  cycle 

A  non-obvious  feature  of  the  MCS6500  RDY  signal  is  the  fact  that  there  is  no 
acknowledge  response  from  the  CPU  to  external  logic.  This  can  be  a  problem.  To 
guarantee  that  the  machine  cycle  following  the  RDY  high-to-low- transition  will  be  a 
Wait,  you  must  make  sure  that  RDY  n«ver  makes  a  high-to-low  transition  during  a  write 
cycle  Fortunately,  you  can  use  the  R/W  output  to  detect  write  cycles  and  thus  gener- 
ate a  safe  RDY  input   Here  is  simple  sample  logic: 

+  5V 


+  5V  R/W 
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MCS6500 
SLOW  MEMORY 
INTERFACE 


Sincejhe  same  <I>1  clockjpulse  that  triggers  the  7474  fiip-fiop  also  triggers  any  change 
in  R/W  signal  level,  JVW  is  NANDed  with  Q  after  taking  the  7474  settling  delay  — 
which  also  gives  R/W  time  to  acquire  its  new  level. 

If  you  areunterfacing  slow  memories,  performing  Direct  Memory  Access  or  refreshing 
dynamic  memories,  in  each  case  the  extra  time  provided  for  the  secondary  operation  is 
the  Wait  state  generated  via  the  RDY  input,  as  we  have  just  described. 

When  interfacing  slow  memories,  the  logic  of  the  Wait  state 
is  self-evident.  The  slow  memory  simply  has  additional 
machine  cycles  in  which  to  respond  to  the  memory  access,  and 
memory  select  logic  holds  RDY  low  for  any  required  time 
delay 

When  using  a  Wait  state  to  perform  Direct  Memory  Access  or  dynamic  memory 
refresh  operations,  there  is  a  further  complication.  During  the  Wait  state,  the  Data  and 
Address  Busses  are  not  floated  Alternate  Data  and  Address  Busses  must  therefore  be 
provided,  connected  via  a  tristate  buffer  to  any  memory  device  which  is  being  ac- 
cessed 

INTERRUPT  PROCESSING  AND  SYSTEM  RESET 

The  MCS6500  microcomputer  system  handles  interrupts  and  resets  exactly  as 
the  MC6800.  For  a  discussion  of  this  subject,  therefore,  see  Chapter  8  —  with  the 
following  provisos: 

1)  Neither  the  MCS6500  nor  the  MC6800  will  acknowledge  an  interrupt  if  the  inter- 
rupt enable  status  bit  has  been  set  to  1  Additionally,  the  MC6800  will  not 
acknowledge  an  interrupt  while  in  the  Halt  state.  The  MCS6500  has  no  Halt  state, 
but  Wait  states  induced  by  the  RDY  line  may  be  looked  upon  as  equivalent  If  an  in- 

.  terrupt  request  occurs  while  Wait  states  are  being  created  by  an  MCS6500  CPU  in 
'  response  to  the  RDY  control  input,  then  the  interrupt  acknowledge  process  will 
begin  with  the  first  non-Wait  machine  cycle. 

2)  When  the  MCS6500  executes  a  software  interrupt,  the  Break  status  is  set  The 
MC6800  has  no  such  status  flag 

3)  The  MCS6500  Stack  is  256  bytes  long  and  is  Implemented  in  memory  locations 
0100^6  through  01FFie  The  MC6800  Stack  can  have  any  length  within  the 
allowed  memory  space,  and  can  be  located  anywhere  in  memory 

One  technique  you  can  use  in  order  to  disconnect  memory  or  other  external  logic 
from  an  MCS6500  CPU,  is  to  address  a  nonexistent  memory  location.  Clearly  if  an 
invalid  address  is  on  the  Address  Bus,  then  no  device  can  consider  itself  selected  and 
all  devices  will  remain  in  an  inactive  state. 

MCS6500  CPU  CLOCK  LOGIC 

Clock  logic  required  by  the  MCS651 X  series  of  CPUs  is  identical  to  that  which  has 
already  been  described  for  the  MC6800  in  Chapter  8.  Indeed,  you  can  use  any  of 
the  MC6870  series  clock  devices  in  order  to  create  timing  inputs.- 

The  MCS650X  series  CPUs  have  on-chip  logic;  all  they  need  is  an  external  crystal 
or  RC  network.  A  number  of  possible  circuits,  described  in  MOS  Technology 
literature,  are  reproduced  in  Figure  9-11. 

MCS6500  CPU  INTERFACE  LOGIC 

Look  again  at  Table  9-1  and  you  will  see  that  the  28-pin  CPUs  are  remarkable  because 
they  output  so  few  control  signals^in  fact,  the  MCS6513,  MCS6514,  and  MCS6515 
output  just  one  control  signal  R/W  The  remaining  28-pin  CPUs  additionally  output 
clock  signals  only  There  is  no  interrupt  acknowledge,  no  synchronization  output,  nor 
any  control  signal  which  external  logic  can  use  to  determine  what  is  going  on  within 
the  CPU   Of  all  the  microprocessors  described  in  this  book,  none  provides  so  few 
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control  output  signals.  So  long  as  you  are  building  relatively  straightforward 
microcomputer  systems,  this  does  not  present  a  problem  The  Address  and  Data  Busses 
are  never  floated  by  28-pin  CPUs;  therefore,  external  logic,  upon  detecting  a  select  ad- 
dress on  the  Address  Bus,  will  simply  respond  by  reading  or  writing  —  depending  upon 
the  level  of  the  R/W  signal  The  fact  that  this  signal  is  high  in  its  idle  state,  indicating  a 
read,  simply  means  that  the  selected  external  logic  will  place  the  contents  of  its  ad- 
dressed memory  location  on  the  Data  Bus  If  the  R/W  signal  is  really  in  its  standby  state, 
then  the  CPU  will  ignore  the  Data  Bus  contents  and  no  harm  is  done  Thus,  for  simple 
microcomputer  systems,  the  MCS6500  series  CPUs  are  remarkably  simple  devices  to 
work  with.  If  a  microcomputer  system  becomes  complex,  however,  problems  may  arise 
DMA  logic  must  account  for  the  fact  that  there  is  no  detectable  standby  state  for 
memory  or  I/O  devices  to  detect;  any  device  selected  by  the  address  of  the  Ad- 
dress Bus  is  continuously  responding  to  a  read  or  write  command. 

We  conclude  that  when  designing  microcomputer  systems  around  an*MCS6500 
CPU,  if  you  are  going  to  share  the  System  Bus  in  any  way,  you  must  be  very 
cautious  about  ensuring  that  you  have  accounted  for  the  passive  role  of  support 
logic  surrounding  the  CPU. 

THE  MCS6500  INSTRUCTION  SET 

Table  9-2  summarizes  the  MCS6500  instruction  set.  This  instruction  set  follows  the 
philosophy  of  the  MC6800  very  closely. 

THE  BENCHMARK  PROGRAM 

The  benchmark  program  is  coded  for  the  MCS6500  as  follows: 


LOOP 


LDY 

IOC  NT 

LDA 

(lOBUF).Y 

STA 

(TABLE).Y 

DEY 

BNE 

LOOP 

LDA 

IOCNT 

CLC 

ADC 

TABLE.+  l 

STA 

TABLE +1 

LOAD  BUFFER  LENGTH  INTO  Y  INDEX 

LOAD  NEXT  SOURCE  BYTE 

STORE  IN  NEXT  DESTINATION  BYTE 

DECREMENT  Y 

RETURN  FOR  MORE  BYTES 

AT  END  ADD  NUMBER  OF  BYTES 

TO  CURRENT  TABLE  BASE  ADDRESS 


This  is  the  memory  map  assumed: 


Number  of  bytes '  B* 

Source  table  base  address 

Destination  table  first 
free  byte  address 


Start  of  source  table 


Start  of  destination  table 


First  free  destination  table  byte 


DATA 
MEMORY 


PP 


QQ 


RR 


SS 


tOCNT 
IOBUF 


.  Page  0 
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1 


£*> 


7404 


Rf 
-VA 1 


<=>■ 


*■«  n 


CRYSTAL 


VCC 
A)     Parallel  Mode  Crystal  Controlled  Oscillator 


PIN 

X   *0(IN) 

Y   *2{OUT) 


-£&> 


7404 


« a (, ^/^—^ 


c> 


HDH 

CRYSTAL 

vcc 

B)     Series  Mode  Crystal  Controlled  Oscillator 


PIN 

X   <K)  (IN) 

Y   <I>2(OUT) 


X 


7404 


Rf 

*VvV      J 


<t> 


PIN 

X   <W(IN) 

Y   *2(OUT) 


C)     Time  Base  Generator  —  RC  Network 


X  is  pin  39  for  the  MCS6502,  or  pin  28 
for  any  other  MCS650X  CPU 

Y  is  pin  37  for  the  MCS6502,  or  pin  27 
for  any  other  MCS650X  CPU 


Figure  9-1  I    Time  Base  Generation  For  MCS650X  CPU  Input  Clocks 
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The  programming  example  illustrated  above  makes  use  of  indirect  addressing.  Some- 
where in  the  first  256  bytes  of  memory  we  store  the  number  of  bytes  to  be  transferred, 
the  beginning  address  for  the  source  table,  and  the  address  for  the  first  free  destination 
table  byte.  By  loading  the  byte  count  into  the  Y  Index  register,  we  can  use  this  register 
both  as  an  index  for  moving  data  from  source  to  destination,  and  as  a  counter 
After  moving  the  block  of  data,  we  must  add  the  number  of  moved  data  bytes  to  the 
destination  table  first  free  byte  address,  this  accounts  for  the  fact  that  the  destination 
table  has  been  incrementally  filled. 

When  comparing  the  MCS6500  with  the  MC68OO7  we  see  that  we  have  indeed 
reduced  the  number  of  instructions  from  11  to  9,  the  number  of  instructions  within 
the  iterative  loop  has  been  reduced' from  5  to  4  We  cannot  make  a  more  substantial 
reduction  in  the  number  of  instructions  because  the  MC6800  program  uses  the  Stack 
Pointer  as  an  Index  register — which  is  not  an  option  with  the  MCS6500  We  might 
argue  that  the  MCS6500  has  an  advantage  by  not  immobilizing  the  Stack  while  the  in- 
struction sequence  is  executed,  however,  the  MCS6500  has  the  disadvantage  of  requir- 
ing both  the  source  and  destination  tables  to  have  a  maximum  length  of  256  bytes,  the 
MC6800  program  makes  no  such  demand 

Symbols  are  used  in  Table  9-2  as  follows: 

Registers:  A  Accumulator 

X  Index  Register  X 

Y  Index  Register  Y 

PC  Program  Counter 

SP  Stack  Pointer 

SR  Status  register,  with  bits  assigned  as  follows: 


7    6    5    4    3    2    10  -« 

|s|o|   IbIdMzIcI 

Jl 

Statuses:  S    Sign  status 

Z    Zero  status 
C    Carry  status 
0    Overflow  status 
Symbols  in  the  column  labeled  STATUSES: 

(blank)      operation  does  not  affect  status 
X  operation  affects  status 

0  operation  clears  status 

1  operation  sets  status 

6  status  reflects  bit  6  of  memory  location 

7  status  reflects  bit  7  of  memory  location 
ADR                 8  bits  of  immediate  or  base  address 

ADR16  16  bits  of  immediate  or  base  address 

a8  Any  of  the  following  operands  and  addressing  modes: 

ADR         Base  Page  Direct 
ADR,X        Base  Page  Indexed  via  Register  X 
(ADR.X)      Pre-lndexed  Indirect 
(ADR),Y      Post-Indexed  Indirect 
a16  Any  of  the  following  operands  and  addressing  modes: 

ADR16       Extended  Direct 
ADR16,X     Absolute  Indexed  via  Register  X 
ADR16,Y     Absolute  Indexed  via  Register  Y 
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D 

DATA 

DISP 

I 

LABEL 

M(     ) 

PC(HI) 

PC(LO) 

[  1 


[[  ]] 

A 
V 
V 


Break  status 
Decimal  Mode  status 
8  bits  of  immediate  data 
An  8-bit,  signed  address  displacement 
Interrupt  disable  status 

16-bit  immediate  address,  destination  of  Jump-on-Subroutine  call 
The  memory  location  addressed  via  the  mode  specified  in  parenthesis 
The  most  significant  8  bits  of  the  Program  Counter 
The  least  significant  8  bits  of  the  Program  Counter 
Contents  of  location  enclosed  within  brackets  If  a  register  designation  is 
enclosed  within  the  brackets,  then  the  designated  register's  contents  are 
specified  If  a  memory  address  is  enclosed  within  the  brackets,  then  the 
contents  of  the  addressed  memory  location  are  specified, 
implied  memory  addressing;  the  contents  of  the  memory  location  desig- 
nated by  the  contents  of  a  register  or  address  calculation. 
Logical  AND 
Logical  OR 
Logical  Exclusive-OR 
Data  is  transferred  in  the  direction  of  the  arrow 

Data  is  exchanged  between  the  two  locations  designated  on  either  side 
of  the  arrow 
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The  following  symbols  are  used  in  the  object  codes  in  Table  9-3. 

Address  mode  selection: 
aaa 

000  pre-indexed  indirect  —  (ADR.X) 

001  direct  — ADR 

010  immediate  — DATA 

011  extended  direct  —  ADR16 

100  post-indexed  indirect  —  (ADR), Y 

101  base  page  indexed —ADR, X 

110  absolute  indexed  — ADR16.Y 

111  absolute  indexed  —  ADR16,X 


bb 


bbb 


00  direct  — ADR 

01  extended  direct  — ADR1 6 

10  base  page  indexed — ADR,X 

11  absolute  indexed  —  ADR16.X 

001  direct  — ADR 

010  accumulator  — A 

011  extended  direct  — ADR1 6 
101  base  page  indexed  —  ADR.X 
111  absolute  indexed  —  ADR16.X 

00  immediate  — DATA 

01  direct  — ADR 

11  extended  direct— ADR16 


ddd 


000  immediate^  DATA 

001  direct  — ADR 

011      extended  direct  — ADR1 6 

101      base  page  indexed  —  ADR,Y  in  LDX;  ADR,X  in  LDY 

111      absolute  indexed  —  ADR16,Y  in  LDX;  ADR16,X  in  LDY 

pp        the  second  byte  of  a  two-  or  three-byte  instruction. 

qq         the  third  byte  of  a  three-byte  instruction.. 

x  one  bit  choosing  the  address  mode. 

Two  numbers  in  the  "Machine  Cycles"  column  (for  example,  2  -  6)  indicate  that  execu- 
tion time  depends  on  the  addressing  mode 


9-32 


Table  9-3    Summary  Of  MCS6500  Object  Codes,  With  MC6800  Mnemonics 


OBJECT 

MACHINE 

MC6800 

MNEMONIC 

OPERAND(S) 

CODE 

BYTES 

CYCLES 

INSTRUCTION 

ADC 

011aaa01 

ADCA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR16 

AND 

001aaa01 

ANDA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR  16 

ASL 

A 

OOObbblO 

1 

2 

ASL     A 

ADR  or  ADR.X 

PP 

2 

5-6 

ADR8 

ADR  16  or  ADR>6,X 

qq 

3 

6-7 

ADR  16 

8CC 

DiSP 

90     pp 

2 

2 

BCC     DISP 

BCS 

DISP 

BO     pp 

2 

2 

BCS     DISP 

BEQ 

DISP 

F0     pp 

2 

2 

BEQ     DISP 

BIT 

0010x100 

BITA 

ADR(x-O) 

PP 

2 

3 

ADR8  or  DATA 

ADR16(x=-1) 

qq 

3 

4 

ADR  16 

BMI 

DISP 

30     pp 

2 

2 

BMI     DISP 

BMI 

DISP 

30     pp 

2 

2 

BM!     DISP 

BNE 

DISP 

DO     pp 

2 

2 

BNE     DISP 

BPL 

DISP 

10     pp 

2 

2 

BPL     DISP 

BRK 

00 

1 

7 

(SWI) 

BVC 

DISP 

50     pp 

2 

2 

BVC     DISP 

BVS 

DISP 

70     pp 

2 

2 

BVS     DISP 

CLC 

18 

1 

2 

CLC 

CLD 

D8 

1 

2 

CLI 

58 

1 

2 

CLI 

CLV 

B8 

1 

2 

CLV 

CMP 

^* 

110aaa01 

CMPA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR  16 

CPX 

1 1 10cc00 

CPX 

DATA  or  ADR 

PP 

2 

2-3 

ADR8 

ADR  16 

qq 

3 

4 

DATA  16  or  ADR  16 

CPY 

nooccoo 

DATA  or  ADR 

pp 

2 

2-3 

ADR16 

qq 

3 

4 

DEC 

110bb1 10 

DEC 

ADR  or  ADR.X 

PP 

2 

5-6 

ADR8 

ADR16  or  ADR16,X 

qq 

3 

\       6"7 

ADR16 

DEX 

CA 

1 

2 

DEX 

DEY 

88 

1 

2 

EOR 

OlOaaaOl 

EORA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR16 

INC 

111bb110 

INC 

ADR  or  ADR,X 

pp 

2 

5-6 

ADR8 

ADR16  or  ADR16,X 

qq 

3 

6-7 

ADR16 

INX 

E8 

1 

2 

INX 

1NY 

C8 

1 

2 

JMP 

LABEL  (x    0) 
or(LABELXx    1) 

01x01100 

ppqq 

3 

3-5 

JMP     ADR16 

JSR 

LABEL 

20     ppqq 

3 

6 

JSR     ADR  16 

LDA 

101aaa01 

LDAA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq           I 

3 

4 

ADR  16 
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Table  9-3.  Summary  Of  MCS6500  Object  Codes,  With  MC6800  Mnemonics  (Continued) 


OBJECT 

MACHINE 

MC6800 

MNEMONIC 

OPERAND(S) 

CODE 

BYTES 

CYCLES 

INSTRUCTION 

LDX 

DATA  or 

101ddd10 

LDX 

ADR  or  ADR,Y 

PP 

2 

2-4 

ADR8 

ADR  16  or  ADR16.Y 

qq 

3 

4 

ADR  16  or  DATA  16 

-DY 

DATA  or 

101ddd00 

ADR  or  ADR,X 

PP 

2 

2-4 

ADR  16  or  ADR  16, Y 

qq 

3 

4 

LSR 

A 

010bbb10 

1 

2 

LSR     A 

ADR  or  ADR.X 

PP 

2 

5-6 

ADR8 

ADR  16  or  ADR  16.X 

qq 

3 

6-7 

ADR  16 

NOP 

EA 

1 

2 

NOP 

ORA 

000aaa01 

ORA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR16 

PHA 

48 

1 

3 

PSHA 

PHP 

08 

1 

3 

PLA 

68 

1 

4 

PULA 

PLP 

28 

1 

4 

ROL 

A 

001bbb10 

1 

2 

ROL     A 

ADR  or  ADR,X 

PP 

2 

5-6 

ADR8 

ADR16  or  ADR16,X 

qq 

3 

6-7 

ADR  16 

RTI 

40 

1 

6 

RTI 

RTS 

60 

1 

6 

RTS 

SBC 

111aaa01 

SBCA 

DATA  or  a8 

PP 

2 

2-6 

ADR8  or  DATA 

a16 

qq 

3 

4 

ADR  16 

SEC 

38 

1 

2 

SEC 

SED 

F8 

1 

2 

SEI 

78 

1 

2 

SEI 

STA 

(aaa^010) 

100aaa01 

STAA 

a8 

2 

3-6 

ADR8 

a16 

3 

4-5 

ADR16 

STX 

ADR(bb-OO) 

100bb110 

STX 

or  ADR,Y(bb-10) 

2 

3-4 

ADR8 

ADR16(bb=01) 

3 

4 

ADR  16 

STY 

ADR  (bb  -00) 

100bb100 

or  ADR,X(bb-10) 

PP 

2 

3-4 

ADR16(bb01) 

qq 

3 

4 

TAX 

AA 

2 

TAY 

A8 

2 

TSX 

BA 

2 

TSX 

TXA 

8A 

2 

TXS 

9A 

2 

TXS 

TYA 

98 

2 
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SUPPORT  DEVICES  THAT  MAY  BE  USED  WITH 
THE  MCS6500  SERIES  MICROPROCESSORS 

The  MCS6500  and  MC6800  microprocessors  are  similar  enough  for  MC6800  sup- 
port devices  to  be  used  with  an  MCS6500  series  central  processing  unit. 
The  similarities  between  the  MC6800  and  MCS6500  extend  also  to  the  way  in 
which  you  use  other  support  devices  with  these  two  microprocessors.  Thus  com- 
ments regarding  8080A  and  Z80  support  devices  being  used  with  the  MC6800  ap- 
ply for  the  most  part  to  the  MCS6500. 

But  the  MCS6500  does  have  some  limitations.  The  most  prominent  limitation  is  the 
fact  that  no  MCS6500  microprocessor  floats  its  System  Bus  Only  the  MCS6512  has 
any  bus  floating  capability  at  all,  you  can  float  its  Data  Bus.  Within  an  MCS6500 
microcomputer  system,  if  you  wish  to  float  the  System  Bus  or  perform  direct  memory 
access  operations,  you  must  have  an  external  tristate  buffer.  This  tristate  buffer 
receives  as  inputs  the  System  Bus  from  the  MCS6500,  it  creates  as  outputs  the  System 
Bus  which  will  be  used  by  support  devices   This  may  be  illustrated  as  follows 


C 


c 


Address  Bus 


0 


:> 


$ 


Tristate 
Buffer 


c 


c 


:> 


-  Float  control  from 
external  logic 
equivalent  to 
8080A  BUSEN 


$ 


:> 


Tristate  System  Bus 

Using  a  40-pin  MCS6500  series  microprocessor,  you  use  the  RDY  control  input  to  dis- 
able the  CPU  while  floating  the  System  Bus.  This  control  input  causes  the  CPU  to 
generate  endless  Wait  states  for  as  long  as  the  RDY  signal  is  low  In  the  unlikely  event 
that  you  wish  to  float  the  System  Bus  of  a  28-pin  MCS6500  series  microprocessor,  you 
will  have  to  generate  an  interrupt  request,  or  use  some  other  technique  to  enter  a  "No 
Operation"  instruction  loop  for  the  duration  of  the  floated  System  Bus 

Like  the  MC6800,  the  MCS6500  outputs  no  interrupt  acknowledge  signal.  The 
MCS6500  also  outputs  no  "Valid  Memory  Address"  (VMA)  signal.  You  must 
therefore  decode  appropriate  addresses  off  the  Address  Bus  in  order  to  generate  an  in- 
terrupt acknowledge  signal,  without  the  security  of  a  conditioning  VMA  control  signal 
Your  program  logic  will  have  to  guarantee  that  the  relevant  addresses  appear  on  the 
Address  Bus  only  during  the  interrupt  acknowledge  process 

The  read  and  write  control  signals  reqmred  by  8080A  support  devices  can  be 
generated  from  the  single  MCS6500  R/W  signal,  together  with  the  system  clock 
signal,  as  follows: 


R/W- 


t^ 
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The  logic  illustrated  above  is  identical  to  that  which  was  illustrated  for  the  MC6800.  As 
for  the  MC6800,  if  you  wish  to  discriminate  between  I/O  devices  and  memory,  you  will 
have  to  create  appropriate  control  signals-.by  decoding  off  the  Address  Bus  addresses 
which  have  been  assigned  to  your  I/O  space. 

You  can  generate  an  8080A  compatible  system  clock  from  $2  (TIL)  as  follows: 


0>2  OTU  • 


xi 


A. 


CLR 
B 


100  pF 

HI- 


5.6  K  ft 
— ^^^™  +5V 


The  clock 
MC.6800. 


illustrated  above  is  identical  to  that  which  we  described  for  the 


THE  MCS6522  PERIPHERAL  INTERFACE  ADAPTER 

The  MCS6522  PI  A  is  an  enhanced  version  of  the  MC6820,  which  is  also  manufac- 
tured by  MOS  Technology  as  the  MCS6520  Peripheral  Interface  Adapter.  As  such, 
the  MCS6522  PIA  can  be  used  interchangeably  in  MC6800  or  MCS6500 
microcomputer  systems. 

This  description  of  the  MCS6522  will  concentrate  on  highlighting  device  enhan- 
cements, relying  on  the  discussion  of  the  MC682G>  given  in  Chapter  8,  for  a 
detailed  explanation  of  functions  common  to  both  parts. 

The  MCS6522  PIA  is  a  general  purpose  I/O  device  which,  like  the  MC6820  PIA 
provides  16  I/O  pins,  configured  as  two  8-bit  I/O  ports.  As  compared  to  the 
MC6820  PIA  the  MCS6522  provides  more  handshaking  logic  associated  with 
parallel  data  transfers  occurring  via  I/O  Port  A.  Counter/timer  and  elementary 
serial  I/O  logic  have  been  added  to  MCS6522  Port  B. 

Figure  9-12  illustrates  that  part  of  our  general  purpose  microcomputer  system 
logic  which  has  been  implemented  on  the  MCS6522  PIA. 

The  MCS6522  PIA  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply. 
All  inputs  and  outputs  are  TTL  compatible.  I/O  Port  A  and  B  pins  are  also  CMOS 
logic  compatible.  I/O  Port  B  pins  may  be  used  as  a  power  source  to  directly  drive 
the  base  of  a  transistor  switch. 

The  device  is  implemented  using  N-channel,  silicon  gate  MOS  technology. 

THE  MCS6522  PIA  PINS  AND  SIGNALS 

The  MGS6522  PIA  pins  and  signals  are  illustrated  in  Figure  9  13.  Signals* which 
are  identical  to  the  MC6820,  both  in  function  and  pin  assignment,  are  shaded. 

We  will  summarize  al!  signal  functions,  those  which  are  unique  to  the  MCS6522 
as  well  as  those  which  are  common  to  the  MC6820,  before  describing  the  various 
MCS6522  PIA  operations  which  can  be  performed. 
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Consider  first  the  various  Data  Busses. 

D0-D7  represents  the  bidirectional  Data  Bus  via  which  ail  communications  bet- 
ween the  CPU,  and  the  MCS6522  occur.  This  Data  Bus  is  identical  to  that  of  the 

MC6820.  When  the  MCS6522  is  not  selected,  the  Data  Bus  buffer  is  placed  in  a  high 
impedance  state  —  which  is  absolutely  necessary,  since  MCS6500  CPUs  (with  the  ex- 
ception of  the  MCS6512)  cannot  float  the  System  Data  Bus. 

PAO  -  PA7  and  PBO  -  PB7  represent  Data  Busses  connecting  I/O  Ports  A  and  B 
with  external  logic.  In  terms  of  simple  data  transfers,  these  two  I/O  ports  are  iden- 
tical on  the  MCS6522  and  MC682G  devices.  In  each  case  the  16  I/O  port  pins  may 
be  looked  upon  as  16  individual  signal  lines,  or  as  two  8-bit  I/O  busses.  Each  I/O  port 
pin  can  be  individually  assigned  to  input  or  output  but  an  individual  pin  cannot  sup- 
port bidirectional  data  transfers. 

There  are  differences  between  I/O  Ports  A  and  B.  Some  of  these  differences  are 
found  in  MC6800  I/O  ports;  others  represent  enhancements  of  the  MCS6522.  Let 
us  first  look  at  I/O  port  differences  which  are  common  to  the  MC6820  as  well  as 
the  MCS6522: 

1)  An  I/O  Port  B  pin  which  has  been  assigned  to  output  will  enter  a  tristate  condition 
during  an  input  operation;  this  is  not  the  case  for  an  I/O  Port  A  pin.  This  means  that 
loads  placed  on  I/O  Port  B  pins  will  not  modify  data  waiting  to  be  read  by  the  CPU. 

2)  I/O  Port  A  pins  will  register  logical  1  when  +2V  or  more  are  input;  logical  0  results 
from  an  input  of  +0.4V  or  less.  I/O  Port  B  pins  will  register  logical  1  when  power 
levels  below  +2V  are  input. 

3)  As  outputs,  I/O  Port  B  pins  may  be  used  as  a  source  of  up  to  a  milliampere,  at 
+  1 .5  V.  to  directly  drive  the  base  of  a  transistor  switch.  This  is  not  feasible  using  I/O 
Port  A  pins. 

The  different  I/O  Port  A  and  B  characteristics  are  a  function  of  port  pin  design. 

I/O  Port  A  pins  contain  "passive"*  pullups  which  are  resistive  and  allow  the  output 
voltage,  to  go  to  +5V  for  logic  1 1 

+  5V 


a- 

U  9 »■- 


Hi 


1 


The  PA  pins  can  drive  two  standard  TTL  loads 
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I/O  Port  B  pins  are  push-pull  devices;  the  pullup  is  switched  "off"  in  the  0  state  and 
"on"  for  a  logic  1 : 


-"&_ 


M 


1 


The  pullup  can  source  up  to  3  ma  at  1.5V;  that  is  why  an  I/O. Port  B  pin  can  drive  a 
diode,  LED  or  similar  device. 


MCS6522 
PIA 


Pin  Name 

Description 

DO  -07 

Data  Bus  to  CPU 

PAO  -  PA7 

Port  A  Peripheral  Data  Bus 

PB0-PB7 

Port  B  Peripheral  Data  Bus 

CS1,CS2 

Chip  Select 

RSO  -  RS3 

Register  Select 

CA1 

Interrupt  input  to  Port  A 

CA2 

Interrupt  input /Peripheral  control  output 

CB1 

Interrupt  input/Shift  register  access 

CB2 

Interrupt  input/Peripheral  control/Shift  register 

<J>2 

Device  synchronization 

R/W 

Read /Write  control 

IRQ 

Interrupt  request 

RESET 

Reset 

vdd,  vss 

Power  and  Ground 

Type 

Tristate,  bidirectional 

Input  or  Output 

Tristate,  Input  or  Output 

Input 

Input 

Input 

Input  or  Output 

Input  or  Output 

Input  or  Output 

Input 

Input 

Output 

Input 


Figure  9*13.  MCS6522  PIA  Signals  And  Pin  Assignments 


9-39 


Let  us  now  look  at  differences  between  MCS6522  I/O  Port  A  and  B  pins  which  are 
the  result  of  MCS6522  logic  enhancements: 

1}  There  are  two  programmable  counters  connected  to  I/O  Port  8  logic.  The  MC6820 
has  no  counter  logic 

2)  There  is  an  8-bit  Shift  register  associated  with  I/O  Port  B  logic.  The  Shift  register 
provides  an  elementary  serial  I/O  capability  which  may  be  adequate  for  certain 
types  of  control  logic,  hut  falls  short  of  what  is  needed  to  support  serial  data  com- 
munications The  MC6820  has  no  serial  I/O  capability  whatsoever. 

3)  I/O  Port  A  provides  CA2  as  an  output  control  signal  when  the  CPU  reads  or  writes 
data  I/O  Port  B  provides  CB2  as  an  output  control  signal  when  the  CPU  writes  data 
only 

The  MCS6522  PIA  has  six  device  select  pins. 

CS1  and  CS2  are  two  typical  select  signals,  exactly  equivalent  to  MC6820  signals 
bearing  the  same  names.  Note  that  the  MCS6522  has  no  CSO  select.  For  the 
MCS6522  device  to  be  selected,  CS1  must  receive  a  high  input  while  CS2 
simultaneously  receives  a  low  input 

RSO,  RS1,  RS2  and  RS3  address  one  of  16  locations  within  the  MCS6522.  Thus  an 
MCS6522  device  will  appear  to  a  programmer  as  16  memory  locations  Note  that  the 
MC6820  has  only  two  address  lines,  RSO  and  RS1,  and  appears  to  a  programmer  as 
four  memory  locations.  *  


MCS6522 
ADDRESSING 


Addressing  logic  associated  with  the  MCS6522  is,  in  fact,  quite 
simple  Combining  the  two  chip  select  signals,  CS1  and  CS2,  with 
the  four  address  select  signals,  RO.  R1,  R2  and  R3,  simply  means 
that  total  device  logic  will  be  derived  from  six  of  the  1 6  Address  Bus  lines  —  and  to  the 
programmer,  the  MCS6522  PIA  will  appear  as  16  contiguous  memory  locations. 
Table  9-4  identifies  the  16  addressable  locations  of  the  MCS6522,  for  the  moment  it  is 
not  important  that  you  understand  the  nature  of  these  addressable  locations;  rather,  let 
us  concentrate  on  the  select  lines  RSO  -  RS3.  Throughout  this  description  of  the 
MCS6522,  we  are  going  to  identify  addressable  locations  by  their  "select  code",  which 
consists  of  the  signal  levels  given  in  the  left-hand  column  of  Table  9-4.  To  a  program- 
mer, a  "select  code"  will  simply  become  some  index  which  must  be  added  to  a  base  ad- 
dress. Suppose,  for  example,  that  your  interfacing  logic  will  cause  an  MCS6522  to  con- 
sider itself  selected  when  any  address  is  output  in  the  range  COOOig  through  C00F-]6. 
Select  code  OOOO2  now  corresponds  to  memory  address  COOO16;  select  code  01 1 1 2 
now  corresponds  to  memory  address  C007-|g  That  is  the  relationship  between  select 
code  and  memory  address 

There  are  four  timing  and  control  signals  which  interface  an  MCS6522  with  exter- 
nal logic.  These  four  signals  are  CA1,  CA2,  CB1  and  CB2.  Superficially,  these  four 
signals  are  identical  to  their  MC6820  equivalents.  But  there  are  some  secondary 
differences. 

CA1  and  CA2  are  control  signals  associated  with  I/O  Port  A  CA1  is  an  input  signal 
whereas  CA2  is  bidirectional  CB1  and  CB2  are  equivalent  signals  associated  with  I/O 
Port  B,  however,  CB1  is  bidirectional,  although  it  is  used  as  an  input  by  Shift  register 
logic  only. 

There  are  two  control  signals  associated  with  the  MCS6522  CPU  interface. 

4>2  is  the  phase  two  clock  which  is  output  by  any  of  the  MCS6500  CPUs.  The 
MCS6522  uses  02  as  a  standard  synchronization  signal,  equivalent  to  the  E  signal 
used  by  the  MC6820.  The  trailing  edge  of  each  $2  pulse  synchronizes  all  logic  and 
timing  within  the  MCS6522  <i>2  is  used  optionally  by  Shift  register  logic  to  clock  serial 
input  or  output  data 
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R/W  is  the  standard  read/write  control  signal  output  by  all  MCS6500  CPUs.  This 
signal  is  identical  to  that  on  the  MC6820.  Recati  that  when  R/W  is  high,  a  read 
operations  specified  and  data  transfer  from  the  MCS6522  PIA  to  the  CPU  will  occur 
When  R/W  is  low,  a  write  operation  is  specified  and  data  transfer  from  the  CPU  to  the 
PIA  will  occur. 

The  MCS6522  has  a  single  interrupt  request  signal  IRQ.  In  contrast,  the  MC6820 
has  two  interrupt  requests  IRQA  and  IRQB.  If  you  are  simply  going  to  wire-OR  inter- 
rupt requests  and  connect  them  to  the  CPU  IRQ  pin,  then  having  two  requests,  IRQA 
and  IRQB,  makes  no  sense;  combining  them  is  preferable.  On  the  other  hand,  if  you  are 
going  to  include  any  type  of  interrupt  priority  arbitration  logic,  such  as  the  MC6828, 
then  by  combining  IRQA  and  IRQB  into  a  single  interrupt  request  you  can  no  longer 
vector  separately  to  interrupt  requests  arising  at  either  I/O  Port  A  or  I/O  Port  B  logic. 
You  must  vector  a  single  interrupt  request,  arising  from  either  of  these  ports;  then  you 
must  execute  instructions  to  test  status  bits  and  determine  the  exact  interrupt  source 

RESET  is  a  standard  Reset  input.  When  input  low,  the  contents  of  all  MCS6522 
registers  will  be  set  to  0  Reset  logic  of  the  MCS6522  and  MC6820  is  identical. 

Table  9-4.  Addressing  MCS6522  Internal  Registers 


SELECT  LINES 

RS3,  RS2,  RS1,  RSO 

ADDRESSED  LOCATION 

0000 

Output  register  for  I/O  Port  B 

0001 

Output  register  for  I/O  Port  A,  with  handshaking 

0010 

I/O  Port  B  Data  Direction  register 

0011 

I/O  Port  A  Data  Direction  register 

0100 

Read  Timer  1  Counter  low  order  byte 

Write  to  Timer  1  Latch  low  order  byte 

0101 

Read  Timer  1  Counter  high  order  byte 

Write  to  Timer  1  Latch  high  order  byte  and 

initiate  count 

0110 

Access  Timer  1  Latch  low  order  byte 

0111 

Access  Timer  1  Latch  high  order  byte 

1000 

Read  low  order  byte  of  Timer  2  and  reset 

Counter  interrupt  • 

Write  to  low  order  byte  of  Timer  2  but  do  not 

reset  interrupt 

1001 

Access  high  order  byte  of  Timer  2;  reset 

Counter  interrupt  on  write 

1010 

,    Serial  I/O  Shift  register 

1011 

Auxiliary  Control  register 

1100 

Peripheral  Control  register 

1101 

Interrupt  Flag  register 

1110 

Interrupt  Enable  register 

1111 

Output  register  for  I/O  Port  A,  without  handshaking 
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7   6    5   4 


ii   ii   Ji 


3    2    1 

TT 


-  Bit  No. 

-  Auxiliary  Control  register 

-  0  Disable  inputs  at  I/O  Port  A 
1  Enable  inputs  at  I/O  Port  A 

-  0  Disable  inputs  at  I/O  Port  B 
1  Enable  inputs  at  I/O  Port  B 

-  000  Disable  Shift  register 
001  Shift  in  at  Counter  2  rate 

010  Shift  in  at  <t>2  clock  rate 

01 1  Shift  in  at  external  clock  rate 

100  Free-running  output  at  Counter  2  rate 

101  Shift  out  at  Counter  2  rate 

110  Shift  out  at  <t>2  clock  rate 

1 1 1  Shift  out  at  external  clock  rate 

-  0  Decrement  Counter  2  on  <!>2  clock,  in  one-shot  mode 
1   Decrement  Counter  2  on  externa!  pulses  input  via  PB6 

-  0  Disable  output  via  PB7  \ 
1  Enable  output  via  PB7  f 

-  0  One-shot  mode  j 
1   Free-running  mode 


-  Counter  1  controls 


Figure  9-14.  Auxiliary  Control  Register  Bit  Assignments 

MCS6522  PARALLEL  DATA  TRANSFER  OPERATIONS 

Because  there  are  significant  differences  between  the  logic  associated  with 
MCS6522  I/O  Ports  A  and  B,  we  will  begin  by  examining  I/O  Port  A  operations. 


When  you  examine  I/O  Port  A  operations,  the  first  addressa-       MCS6522 

ble  location  to  look  at  is  001 1  —  the  I/O  Port  A  Data  Direc-       I/O  PORT  A 

tion  register.  You  must  load  a  mask  into  this  register  in  order       DATA  TRANSFER 

to  assign  individual  I/O  port  pins  to  input  or  output  A  0  in  any 

bit  of  the  Data  Direction  register  will  cause  the  corresponding  I/O  Port  A  pin  to  input 

data  only  A  1  in  any  bit  position  will  cause  the  corresponding  I/O  Port  A  pin  to  output 

data  only. 

You  access  I/O  Port  A,  either  to  read  or  write  data,  via  select  code  0001 2  or  1 1 1 1  2> 
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But  before  we  discuss  why  I/O  Port  A  has  two  select  codes,  we  must  describe  the 
way  in  which  read  and  write  operations  occur —  in  conjunction  with  pins  having 
been  assigned  to  input  or  output.  Read  and  write  logic  is  best  illustrated  as  follows: 


CPU  writes  data 


CPU  reads  data  ■ 


-—  CA1  latches  data 

Data  being  output  is  written  to  the  I/O  Output  buffer,  signal  levels  are  created  im- 
mediately at  those  I/O  pins  which  have  been  declared  as  output  pins  I/O  pins  which 
have  been  declared  as  input,  pins  are,  in  effect,  disconnected  from  the  I/O  Output 
buffer  — and  are  in  no  way  affected  by  I/O  Output  buffer  contents 
I/O  Input  latches  will  reflect  the  signal  level  of  every  I/O  Port  A  pin,  whether  it  has  been 
assigned  to  input  or  output.  I/O  Input  latches  will  acquire  I/O  Port  A  pin  levels  when 
latched  by  an  active  transition  of  the  CA1  control  input 

For  the  most  part,  this  scheme  is  inconsequential  to  you  as  an  MCS6522  user,  since 
whatever  you  write  to  output  pins  will  be  output,  and  you  will  read  whatever  external 
logic  inputs  to  input  pins  The  only  caution  is  that  you  cannot  read  back  what  you  write 
to  output  pins  Latch  timing  and  transient  signal  levels  at  output  pins  can  modify  data 
as  it  travels  from  I/O  Output  buffers  to  I/O  Input  latches 

Irrespective  of  whether  I/O  Port  A  pins  have  been  assigned  to  input  or  output,  control 
signals  CA1  and  CA2  can  be  used  to  provide  handshaking  External  logic  uses  CA1  to 
communicate  with  the  microcomputer  system,  CA2  may  be  a  control  input  or  a  control 
output  signal. 

First  you  must  enable  I/O  Port  A  by  writing  a  1  into  bit  0  of  the  Auxiliary  Control 
register  (select  code  1011),  which  is  illustrated  in  Figure  9-14.  Next  you  select 
your  CA1  and  CA2  control  options  by  writing  appropriate  codes  into  bits  0  -  3  of 
the  Peripheral  Control  register,  which  is  illustrated  in  Figure  9-15. 

When  you  access  I/O  Port  A  via  select  code  000 1 2,  then  as  soon  as  data  is  written  into 
the  I/O  Port  A  buffer,  the  CA2  signal  may  output  low,  or  it  may  pulse  low,  you  deter- 
mine how  CA2  will  respond  by  the  code  you  load  into  the  Peripheral  Control  register 
Bits  1 ,  2  and  3  of  the  Peripheral  Control  register  determine  the  way  in  which  control  sig- 
nal CA2  will  function.  If  these  three  bits  are  1 00,  then  when  you  address  I/O  Port  A  via 
select  code  0001 2.  CA2  will  go  low  as  soon  as  the  I/O  Port  is  accessed: 


C 

^  TF 


CPU  just  read  from,  or  wrote  to 
I/O  Port  A  via  select  code  0001, 
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n 


6    5    4    3    2    10  -^-Bit  No. 
1      I     T     I      I      I     1  **    Peripheral  Control  register 


T_ 


0  Request  interrupt  on  high-to-low  j 
transition  of  CA1  * 

1  Request  interrupt  on  low-to-high  J 
transition  of  CA1  J 

000  CA2  input  mode  ] 

001  CA2  independent  input  mode  j 
010  CA2  input  mode  j 
0^1 1  CA2  independent  input  mode    j 

100  CA2  output  low  on  CPU  read  or  write 

101  CA2  output  low  pulse  on  CPU  read  or  write 

110  Output  CA2  low 

1 1 1  Output  CA2  high 

■  0  Request  interrupt  on  high-to-low  | 

transition  of  CB1  »  f  On  interrupt  request  set 

1   Request  interrupt  on  low-to-high  /  Interrupt  Flag  register  bit  4 
transition  of  CB1  1 


On  interrupt  request  set 
Interrupt  Flag  register  bit  1 

Request  interrupt  on 
high-to-low  CA2  transition 
Request  interrupt  on 
low-to-high  CA2  transition 


On  interrupt 
request  set 
Interrupt  Flag 
register  bit  0 


•  000  CB2  input  mode 
001  CB2  independent  input  mode 

010  CB2  input  mode 

01 1  CB2  independent  input  mode 

100  CB2  output  low  on  CPU  write 

101  CB2  output  low  pulse  on  CPU  write 

110  Output  CB2  low 

1 1 1  Output  CB2  high 


Request  interrupt  on 
high-to-low  CB2  transition 
Request  interrupt-on 
low-to-high  CB2  transition 


Figure  9-15    Peripheral  Control  Register  Bit  Assignments 

If  bits  3,  2  and  1  of  the  Peripheral  Control  register  contain  101,  then  CA2  will  pulse  low 
for  one  clock  period  when  you  access  the  I/O  Port  via  the  select  code  0001 2 


r\ 


r\ 


r\ 


t 


CPU  just  read  from,  or  wrote  to 
I/O  Port  A  via  select  code  0001 


If  bits  3,  2  and  1  of  the  Peripheral  Control  register  contain  any  other  values,  CA2  will  not 
be  affected  by  the  CPU  accessing  I/O  Port  A  via  select  code  0001 2 

If  CA2  makes  an  active  transition  when  you  access  I/O  Port  A,  then  any  interrupts 
pending  for  CA1  or  CA2  will  be  cleared. 

If  you  access  I/O  Port  A  via  the  select  code  1 1 1 1  2-  then  CA2  is  unaffected,  whatever 
Peripheral  Control  register  bits  3,  2  and  1  contain. 

Notice  that  bits  3,  2  and  1  of  the  Peripheral  Control  register  primarily  determine 
whether  control  signal  CA2  will  be  an  input  or  an  output  control  We  have  seen  two  of 
the  output  control  options  The  remaining  two  output  options  force  CA2  to  be  either 
output  high  or  low 

Let  us  look  at  the  CA2  input  options,  which  are  also  specified  via  Peripheral  Control 
register  bits  3,  2  and  1.  If  any  input  option  has  been  specified,  then  it  makes  no 
difference  whether  you  access  I/O  Port  A^via  the  select  code  0001 2  or  11 11 2;  since 
CA2  has  been  specified  as  input  Control;  it. cannot  be  output  low  or  pulsed  low  when 
you  access  I/O  Port  A-  .-    ..- 
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The  CA2  input  options  available  to  you  are  as  follows: 

1)  You  can  specify  that  a  CA2  input  high-to-low,  or  low-to-high  transition  will  gener- 
ate an  interrupt  request 

2)  You  can  specify  that  any  interrupt  pending  from  a  CA2  active  transition  will,  or  will 
not  be  cleared  when  I/O  Port  A  is  accessed  via  the  select  code  0001 2^  Accessing 
I/O  Port  A  via  the  select  code  11112  will  never  affect  any  pending  interrupt 
statuses  In  Figure  9-15,  CA2  "input  mode"  means  prior  GA2  active  transition 
interrupt  requests  are  cleared  when  you  access  I/O  Port  A  via  select  code 
0001 2;  no  such  interrupt  reset  occurs  in  "independent  input"  mode. 

Peripheral  Control  register  bit  0  determines  whether  input  control  signal  CA1  will 
generate  an  interrupt  request  on  a  high-to-low,  or  a  low-to-high  transition  One  or  the 
other  transition  will  always  cause  an  interrupt —  and  the  only  way  of  ignoring  CAT  in- 
terrupts is  to  individually  disable  them;  we  will  describe  how  this  is  done  later  when  we 
discuss  interrupt  logic  in  general. 

If  you  access  I/O  Port  A  via  the  select  code  000 1 2.  and  you  cause  CA2  to  output  low  by 
storing  100  in  bits  3,  2  and  1  of  the  Peripheral  Control  register,  then  CA2  will  return 
high  again  when  CA1  makes  its  active  transition.  This  may  be  illustrated  as  follows: 


7 -f 


CPU  accesses  External  logic  acknowledges 

t/O  Port  A  with  actjve  CA1  fransition 

While  handshaking  options  available  with  I/O  Port  A  may  seem  complex,  in  reality 
they  are  quite  simple.  For  easy  reference,  options  are  summarized  in  Table  9-5. 
Next  consider  I/O  Port  B. 


MCS6522 
I/O  PORT  B 
DATA  TRANSFER 


If  you  look  upon  I/O  Port  B  simply  as  a  data  transfer  con- 
duit, then  it  is  very  similar  to  I/O  Port  A,  simply  lacking  a 
few  I/O  Port  A  features. 

Like  I/O  Port  A,  I/O  Port  B  has  a  Data  Direction  register  (select 
code  001 O2),  which  you  use  to  identify  input  and  output  pins.  You  must  load  a  mask 
into  this  register  in  order  to  assign  individual  I/O  port  pins  to  input  or  output  A  0  in  any 
bit  of  the  Data  Direction  register  will  cause. the  corresponding  I/O  Port  B  pin  to  input 
data  only.  A  1  in  any  bit  position  will  cause  the  corresponding  I/O  Port  B  pin  to  output 
data  only.. 

You  must  enable  I/O  Port  B  by  loading  a  1  into  bit  1  of  the  Auxiliary  Control  register, 
just  as  you  had  to  enable  I/O  Port  A 

Subsequently,  you  access  I/O  Port  B  via  the  single  select  code  OOOO2 

You  have  to  load  an  appropriate  code  into  bits  4  -  7  of  the  Peripheral  Control  register  to 
define  the  way  in  which  control  signals  CB1  and  CB2  will  operate,  just  as  you  had  to 
load  a  code  into  bits  3  -  0  of  the  Peripheral  Control  register  to  define  control  signal  CAT 
and  CA2  operations.  The  only  difference  between  control  signals  CB1  and  CB2,  as  com- 
pared to  control  signals  CA1  andGA2,  pertains  to  codes  100  and  101  in  bits  7,  6,  5  or  3. 
2,  1  of  the  Peripheral  Control  register  Code  1 00  causes  CA2  or  CB2  to  output  low  when 
appropriate  conditions  exist,  while  code  101  causes  the  signal  to  pulse  For  I/O  Port  A, 
"appropriate  conditions"  consist  of  the  CPU  reading  or  writing,  while  selecting  I/O  Port 
A  via  the  select  code  0001 2  For  I/O  Port  B,  "appropriate  conditions"  consist  of  the  CPU 
writing,  but  not  reading,  accessing  I/O  Port  B  via  the  select  code.  OOOO2  —  the  only 
select  code  available  for  I/O  Port  B 

9-45 


I/O  Port  B  also  has  a  simpler  interface  with  the  CPU  Data  Bus.  Rather  than  having  sepa- 
rate output  buffer  and  input  latches,  there  is  a  single  output  buffer,  which  is  accessed 
by  the  CPU  when  reading  from,  or  writing  to  I/O  Port  B  Coupled  with  the  different  pin 
configuration,  which  we  have  already  described  for  I/O  Port  B,  you  can  guarantee  that 
bit  levels  written  to  I/O  Port  B  output  pins  will  subsequently  be  read  back  accurately 

The  more  limited  capabilities  of  I/O  Port  B  reflect  the  fact  that  pins  7  and  6  of  this  I/O 
port  may  be  used  by  Interval  Timer  logic.  Thus,  the  MCS6522  will  frequently  be  con- 
figured with  I/O  Port  A  providing  parallel  I/O,  while  I/O  Port  B  provides  various  types  of 
control  dialogue 

MCS6522  INTERVAL  TIMER  LOGIC 

The  most  important  point  to  note  regarding  the  additional  functions  associated 
with  I/O  Port  B  is  that  they  have  logical  priority  over  simple  data  transfers;  what 
this  means  is  that  the  Interval  Timers  and  Shift  register  may,  under  some  circums- 
tances, use  I/O  Port  B  pins,  control  signals  and  interrupt  logic.  When  Interval  Timer  or 
Shift  register  requirements  are  in  conflict  with  simple  data  transfer,  then  Interval  Timer 
or  Shift  register  requirements  will  prevail. 

Let  us  look  at  a  specific  example,  pins  of  I/O  Port  B  are  used  by  Interval  Timer  logic 
as  follows: 


•  Interval  Timer  1  outputs  or 
"  Interval  Timer  2  inputs 


L 

6 

I 

1 
_2 

1 
£ 

Suppose  you  have  identified  I/O  Port  B  pin  7,  via  the  Data  Direction  register,  as  an  input 
pin;  Interval  Timer  1  uses  this  pin  to  output  pulses  or  square  waves  and  will  override 
the  Data  Direction  register. 

It  is  a  good  idea  not  to  use  I/O  Port  B  for  parallel  data  transfer  while  you  are  using 
Interval  Timer  or  Shift  register  logic.  Also,  exercise  caution  when  using  both  Inter- 
val Timers,  or  when  using  the  Serial  Shift  register  in  conjunction  with  Interval 
Timers. 
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Table  9-5.  Summary  Of  I/O  Port  A  Handshaking  Control  Signals 


I/O  Port  A 

Select 

Code 

(Binary) 


0001 
or 
1111 

0001 

or 

"1111 

0001 
or 
1111 

0001 
or 
1111 

0001 
or 

1111 

0001 
or 

1111 

0001 
or 
1111 

0001 

or 

1111 


Peripheral 

Control 

Register 

Bits 

3     2     10 


CA1 
CA2 

CA1  • 

CA2   ■ 

CA1   ■ 
CA2  • 

CA1   - 
CA2  • 

CA1  - 
CA2  - 

CA1  - 
CA2  - 

GA1   - 
CA2  - 


CA1 
CA2 


CA1  - 
■"CAr= 


CONTROL  SIGNALS 


t2L 


"\® 


or 


i© 


L© 


I© 


->© 


© 


»© 


©T 


©/- 


Of 


-\©_ 


or 


©i 


©i 


^® 


& 


S 


© 


■U..^,u,jyi^vj-,  ,-, 


,1         .:>:Jl..JJta«.  ,....-,. 


■^■^<um<^\ 


Interrupt 
Reset 


On  0001 
select  code 
access  or 
programmed 
reset 
On  0001 
select  code 
access  or 
programmed 
reset 

Programmed 
reset  only 


Programmed 
reset  only 


OnOOOl 
select  code 
access  or 
programmed 
reset 

On  0001 
select  code 
access  or 
programmed 
reset 


Programmed 
reset  only 


Programmed 
reset  only 


At@or 

programmed 

reset 


Programmed 
reset  only 
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Table  9-5:  Summary  Of  I/O  Port  A  Handshaking  Control  Signals  (Continued) 


I/O  Port  A 
Select 
Code 

(Binary) 


Peripheral 

Control 

Register 

Bits 

3     2     10 


CONTROL  SIGNALS 


Interrupt 
Reset 


0001 
or 
1111 


0001 
or 
1111 


0001 
or 
1111 


0001 

or 
1111 


1     0     1 


CA1    - 
CA2   - 

CA1   - 
CA2  - 

CA1    - 
CA2  - 

CA1   - 
CA2  - 

CA1    ■ 
CA2   ■ 

CA1   • 

CA2  • 

CA1.- 
CA2 


© 


© 


w 


I© 


s®. 


.© 


©/ 


1®I 


©, 


.© 


(Held  low) 


©i 


(Held  low) 


CA1 
CA2 


CA1  - 
CA2 


k© 


(Held  high) 


©i 


(Held  high 


At®  or 

programmed 

reset 


Programmed 
reset  only 


At®  or 

programmed 

reset 


Programmed 
reset  only 


At®  or 

programmed 
reset 


Programmed 
reset  only 


On  0001 
select  code 
access  or 
programmed 
reset 

On  0001 

select  code 

access  or 

programmed 

reset 

On  0001 

select  code 

access  or 

programmed 

reset 

On  0001 

select  code 

access  or 

programmed 

reset 


Qlml 


errupt  request  ®  CPU 
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Let  us  first  examine  Interval  Timer  1.  This  is  the  more  ver- 
satile of  the  two  MCS6522  Interval  Timers;  it  is  most  easily 
understood  if  visualized  as  follows: 


MCS6522 
INTERVAL 
TIMER  1 


16-Bit  Latch  register 


I/O  Port  B  pin  7 


16-Bit  Counter  register 


You  select  from  among  its  many  functions  by  appropriately  loading  bits  7  and  6  of 
the  Auxiliary  Control  register  (ACR). 

Interval  Timer  1  addressing  via  select  codes  may  be  illustrated  as  follows: 


Select 
Code  ■ 


Select 
Code 
0111 


Select 
Code 
0110 


ruoae        '  v 
0101  I  J  | 

sad  Write 


High  order 
Latch  byte 


Select 
>  Code 


rLode   -^ 
0100  J 


Low  order 
Latch  byte 


High  order 
Counter  byte 


Low  order 
Counter  byte 


Select  codes  01  1C>2  and  011 12  are  quite  straightforward  The  former  accesses  the  low 
order  Latch  byte  to  read  or  write,  the  latter  accesses  the  high  order  Latch  byte  to  read 
or  write. 

Select  codes  01 OO2  and  01 01  2  are  not  so  straightforward.  If  you  access  the  MCS6522 
PIA  with  select  code  OIOO2.  you  will  write  into  the  lower  order  Latch  byte,  but  you  will 
read  the  contents  of  the  iow  order  Counter  byte. 
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If  you  access  the  MCS6522  PIA  with  select  code  01 01 2.  you  will  read  the  contents  of 
the  high  order  Counter  byte;  but  upon  writing,  you  will  access  the  high  order  Latch 
byte  and  the  high  order  Counter  byte,  while  simultaneously  transferring  the  low  order 
Latch  byte  contents  to  the  low  order  Counter  byte  This  allows  a  clean  method  of  load- 
ing 1 6  bits  of  data  into  the  Counter  byte  following  the  execution  of  a  single  instruction. 

Writing  to  select  code  01 01 2  will  also  initiate  a  new  Timer  interval 

The  two  Counter  registers  constitute  a  1 6-bit  entity  which  is  decremented  on  the  trail- 
ing edges  of  the  <t>2  clock  pulse.  The  initial  value  loaded  into  the  Counter  registers  iden- 
tifies the  interval  of  the  Counter.  An  active  time-out  of  the  Counter  is  marked  by  an  in- 
terrupt request. 

If  the  Counter  is  connected  to  pin  7  of  I/O  Port  B,  then  an  active  time-out  will  also  cause 
the  signal  output  at  pin  7  of  I/O  Port  B  to  invert  or  pulse  low,  depending  on  the  mode  in 
which  the  Interval  Timer  is  operating 

A  1  in  bit  6  of  the  Auxiliary  Control  register  will  connect  Counter  logic  to  pin  7  of  I/O 
Port  B.  A  0  in  bit  6  of  the  Auxiliary  Control  register  disconnects  Counter  logic  from  pin 
7 

Via  bit  7  of  the  Auxiliary  Control  register,  you  can  connect  or  disconnect  Counter  and 
Latch  logic,  A  0  in  bit  7  of  the  Auxiliary  Control  register  is  a  disconnect  whereas  a  1  is  a 
connect 

Referring  to  Figure  9-14,  "One-Shot  Mode"  refers  to  disconnected  Latch  and 
Counter  logic,  while  "Free  Running  Mode"  refers  to  connected  Latch  and  Counter 
logic. 

If  Counter  logic  is  disconnected  from  the  Latch  registers,  then  following  Counter  initia- 
tion there  will  be  one  active  time-out,  after  which  the  Counter  will  continuously 
redecrement  from  OOOO-jg,  through  FFFF-j  g,  and  back  to  0000-|6  Subsequent  counts 
are  inactive  —  which  means  that  no  interrupt  will  be  requested,  and  if  connected  to  pin 
7  of  I/O  Port  B,  no  signal  changes  will  be  output.  ■ 

If  Counter  logic  is  connected  to  the  two  Latch  registers,  then  every  time  the  Counter 
times  out,  it  is  immediately  reloaded  with  the  contents  of  the  Latch  registers  —  and 
begins  another  active  time  out  Under  these  circumstances,  every  Counter  time  out  is 
active  —  and  will  be  marked  by  an  interrupt  request,  plus  a  signal  level  change  at  pin  7 
of  I/O  Port  B,  if  this  pin  is  connected  to  Counter  logic  % 

While  the  Interval  Timer  1  options  may  appear  complicated,  in  fact  they  are  very 
simple. 

To  you,  as  a  programmer,  there  is  only  one  option  that  you  must  define  when 
using  Interval  Timer  1  of  the  MCS6522:  do  you  want  the  Interval  Timer  to  oper- 
ate in  one-shot  or  free  running  mode? 


MCS6522 
INTERVAL 
TIM£R  1 
ONE-SHOT 
MODE 


Let  us  first  consider  One-Shot  Mode,  which  is  selected  by 
having  a  0  in  bit  7  of  the  Auxiliary  Control  register. 

Recall  that  in  One-Shot  Mode  the  Counter  is  disconnected  from 
the  Latch  registers  For  practical  reasons,  however,  this  disconnec- 
tion is  not  complete,  you  have  to  initiate  a  time  out  by  loading  an 
initial  value  into  the  high  order  and  low  order  Counter  bytes,  but 
the  Counter  is  continuously  running  Were  you  to  load  the  low  order  byte,  and  then  the 
high  order  byte  to  the  Counter  register,  problems  could  arise,  because  the  low  order 
byte  would  start  decrementing  before  you  had  completed  loading  the  high  order  byte. 
To  resolve  this  problem,  you  initially  load  the  low  order  Counter  register  byte  value  into 
the  low  order  Latch  register  byte;  then  you  directly  load  the  high  order  Counter  register 
byte  You  do  this  by  writing  into  the  memory  addresses  associated  with  select  codes 
01 OO2  and  01 01 2  When  you  write  into  select  code  01 OO2,  you  load  the  low  order  byte 
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of  the  initial  Counter  value  into  the  low  order  Latch  register  byte.,  When  you  write  into 
select  code  01 01 2.  you  load  the  high  order  Latch  register  byte,  but  immediately  the  16 
Latch  register  bits  are  loaded  into  the  Counter,  which  starts  decrementing  As  soon  as 
the  Counter  times  out,  an  interrupt  is  requested;  and  if,  via  Auxiliary  Control  register  bit 
6,  you  have  connected  I/O  port  pin  7  to  the  Counter,  then  a  low  pulse  will  be  output  via 
pin  1 ,  The  low  pulse  will  have  a  width  of  one  $2  clock  period 


™  W—n-w  '  \—mn*mummumwmJI     _  T7L 


3= 


Initiate  a  Time  out 

time  interval 

Note  that  wnen  using  an  MCS6522,  the  onus  is  upon  you  to  make  sure  that  all  pro- 
grammable signal  levels  are  at  their  correct  level  In  the  illustration  above,  <f>2  is  not  a 
programmable  signal,  so  you  can  ignore  it  The  pin  7  level  is  programmable;  it  is  up  to 
you  to  make  sure  that  a  high  level  is  being  output  at  pin  7,  or  else  a  low  pulse  will  not 
occur, 

What  we  are  saying  is  that  Interval  Timer  1  logic  will  not  insure  that  pin  7  is  normally 
outputting  a  high  level  You  must  first  define  pin  7  as  an  output  by  writing  a  0  into  bit  7 
of  the  I/O  Port  B  Data  Direction  register  Then  you  must  output  a  1  to  bit  7  of  I/O  Port  B. 
Having  thus  established  a  continuous  high  level  being  output  at  pin  7,  you  can  be  sure 
of  a  low  pulse  marking  an  active  time  out 

Following  a  time  out  in  the  One-Shot  Mode,  the  Counter  decrements  continuously  via 
FFFF^  to  0000] 6  On  subsequent  time  outs  no  interrupt  request  occurs  and  no  low 
pulse  is  output  via  pin  7  of  I/O  Port  B 


MCS6522 
INTERVAL 
TIMER  1  FREE 
RUNNING  MODE 


If  you  have  specified  the  free  running  mode  by  loading  1 

into  bit  7  of  the  Auxiliary  Control  register,  then  as  soon  as 

the  Counter  times  out.  Latch  register  contents  are  immediately 

transferred  to  the  Counter  register,  which  again  decrements  to 

an  active  time  out  Thus  a  sequence  of  interrupt  requests,  with 

optional   signal   output  via   pin   7   of   I/O   Port   B   will   occur  — but   there   are   some 

differences 

When  using  Interval  Timer  1  in  free  running  mode,  you  initialize  exactly  as  you  do  for 
the  one-shot  mode,  you  load  the  low  order  and  high  order  Counter  bytes  via  select 
codes  01002  and  0101 2  As  soon  as  you  write  into  select  code  OIOI2.  the  Latch  con- 
tents are  transferred  to  the  Counter,  which  starts  decrementing.  While  the  Counter  is 
decrementing  you  can  reset  the  next  Counter  initial  value  by  writing  into  the  Latch 
register  using  select  codes  01  102  and  011  12.  Now  as  soon  as  the  Counter  times  out 
the  new  value  you  have  loaded  into  the  Latch  register  becomes  the  next  initial  Counter 
value. 

If  you  have  connected  I/O  Port  B  pin  7  to  the  Counter  by  storing  1  in  Auxiliary  Control 
register  bit  6,  then  each  time  the  Counter  times  out,  the  signal  output  via  pin  1  of  I/O 
Port  B  is  inverted,  generating  a  square  wave;  this  may  be  illustrated  as  follows; 


I/O  Port  B  Ptn  7: 


■  «  w«n.  Time  Out  3  Time  Out  4  etc 

Remember,  you  can,  at  any  time,  read  the  contents  of  Interval  Timer  1  Counter  or  Latch 
registers.  This  gives  you  a  complete  ability  to  test  and  modify  Timer  intervals  in  any 
way,  under  program  control,  while  Interval  Timer  1  is  operating 
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MCS6522 
INTERVAL 
TIMER  2 


Now  consider  Interval  Timer  2. 

MCS6522  Interval  Timer  2  has  logic  which  is  markedly 
different  from  Interval  Timer  1 ,  which  we  have  just  described. 
Interval  Timer  2  offers  two  modes  of  operation: 

1)  One-shot  mode  with  no  signal  output. 

2)  Pulse  counting  mode. 

You  seiect  one  of  the  two  Interval  Timer  2  options  by  appropriately  setting  bit  5  of  the 
Auxiliary  Control  register,  as  illustrated  in  Figure  9-14. 

One-shot  mode,  with  no  signal  output,  is  identical  in  operation  to  one-shot  mode  with 
no  signal  output,  as  described  for  Interval  Timer  1 

Pulse  counting  mode  is  an  alternative  one-shot  mode;  the  Interval  Timer  2  Counter 
decrements  on  high-to-low  transitions  of  signal  input  via  pin  6  of  i/O  Port  B  Thus,  in 
the  pulse  count  mode.  Interval  Timer  2  will  count  out  after  the  number  of  high-to-low 
transitions  specified  by  the  initial  Counter  value  For  example,  if  you  initially  load 
2000-J6  into  the  Interval  Timer  2  Counter,  then  after  81 92  high-to-low  transitions  of  the 
signal  input  via  pin  6,  an  active  time  out  will  occur 

Following  an  active  time  out,  an  interrupt  is  requested  Subsequently,  Interval  Timer  2 
continues  to  decrement  continuously  from  OOOOiq  through  FFFF-jg  and  back  to 
OOOO-jg,  on  subsequent  time  outs  however,  no  interrupt  request  is  generated.  Subse- 
quent time  outs  are  passive. 

Since  the  logic  capabilities  of  Interval  Timer  2  differ  from  Interval  Timer  1,  as  we  might 
expect,  the  register  organization  and  addressing  logic  associated  with  Interval  Timer  2 
also  differs.  It  may  be  illustrated  as  follows' 


High  Order 
Counter  Byte 


Low  Order 
Latch  Byte 


Permanent  connection 


Low  Order 
Counter  Byte 


16-Bit  Counter  register 


\  I/O  Port  B  Pin  6 

Connection  enabled 

by  selecting 
Pulse  Counting  Mode 
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Interval  Tinner  2  is  accessed  via  two  select  codes,  10002a'nd  1001 2;  addressing  maybe 
illustrated  as  follows: 

Select  Select 

Ojjjg  ■ .^  >  ■    Code 

1001  I  f  1000 


Read 


Write 


High  Order 
Counter  Byte 


Low  Order 
Counter  Byte 


Since  Interval  Timer  2  has  no  free  running  option,  there  is  no  need  for  a  high  order 
Latch  register  byte;  the  sole  purpose  of  such  a  location  is  to  store  a  high  order  Counter 
byte,  waiting  to  be  loaded  into  the  Counter  register  when  it  times  out.  You  do  need  a 
low  order  Latch  register  byte,  because  when  loading  the  Counter  register,  you  still  have 
to  make  two  accesses  You  cannot  load  the  low  order  Counter  byte,  and  then  load  the 
high  order  Counter  byte;  the  Counter  is  continuously  decrementing  and  would  start 
decrementing  the  low  order  Counter  byte  while  you  were  loading  the  high  order 
Counter  byte. 

The  initiation  procedure  for  interval  Timer  2,  whether  you  are  in  one-shot  mode  or  pulse 
counting  mode,  is  to  write  the  low  order  Counter  byte  to  select  code  IOOO2,  then  the 
high  order  Counter  byte  to  select  code  1001 2.  As  soon  as  you  write  the  high  order 
Counter  byte  to  select  code  1001 2,  Interval  Timer  2  logic  transfers  the  contents  of  the 
low  order  Latch  byte  to  the  low  order  Counter  byte  — and  initiates  decrementing 

If  you  are  in  one-shot  mode*,  the  Counter  register  is  decremented  on  each  high-to-low 
transition  of  the  <f>2  clock  pulse 

If  you  are  in  pulse  counting  mode,  the  Counter  decrements  on  each  high-to-low  transi- 
tion of  a  signal  input  via  pin  6  of  I/O  Port  B 

That  is  the  only  difference  between  the  two  modes 

MCS6522  SHIFTER  LOGIC 

MCS6522  Shifter  logic  may  be  illustrated  as  foHows: 


Interval  Timer  2 
active  time  out 


X 


7    6 

5    4 

3    2    10 

IlnTTTT 

Shift 
Enable 

i 

Strobe 

-  Bit  No. 

-  Shifter 


Three  possible 

sources  for  Shift 

Enable  Strobe 


Serial  data  in- 
or  out  via  CB2 
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As  illustrated  above,  serial  data  may  be  shifted  into  bit  0  or  out  of  the  Shift 
register  bit  7.  Serial  data  is  transferred  via  control  signal  CB2. 

When  you  shift  into  bit  0  the  data  transfer  is  accompanied  by  a  one-bit  left  shift  of  the 
Shifter  contents.  When  you  shift  out  of  bit  7,  the  data  transfer  is  accompanied  by  a  one- 
bit  left  rotate  of  the  Shifter  contents. 

Every  serial  bit  data  transfer  is  enabled  by  a  strobe  signal.  The  strobe  may  be 

derived  from: 

1)  A  signal  input  by  external  logic  via  CB1 

2)  The  <I>2  clock  signal; 

3)  Interval  Timer  2  active  time-outs. 

If  the  enable  strobe  is  derived  from  external  logic  via  CB1  or  from  <i>2,  then  the  high-to- 
low  transition  of  either  signal  triggers  the  enable  strobe 

If  the  shift  enable  strobe  is  derived  from  Interval  Timer  2,  then  only  the  low  order  eight 
Counter  bits  for  Interval  Timer  2  are  decremented 

There  are  seven  modes  in  which  the  Shifter  can  be  operated;  three  are  input  modes 
and  four  are  output  modes.  You  select  an  appropriate  mode  by  the  code  loaded  into  bits 
5.  4  and  3  of  the  Auxiliary  Control  register  Let  us  examine  the  response  of  Shifter  logic 
to  the  eight  possible  Auxiliary  Control  register  bit  combinations. 

Mode  000;  disable  Shift  register.  When  Auxiliary  Control  register  bits  5,  4  and  3  are 
000,  the  Shift  register  is  disabled  Control  signals  CB1  and  CB2  respond  as  defined  by 
bits  7,  6  and  5  of  the  Peripheral  Control  register.  While  the  Sh'ift  register  is  disabled,  the 
CPU  can  still  write  into  it  and  read  from  it;  you,  as  a  programmer,  can  therefore  use  it  as 
a  storage  location  for  a  single  data  byte. 

Mode  001;  input  under  Interval  Timer  2  strobe.  Auxiliary  Control  register  bits  5,  4 
and  3  set  to  001  specify  serial  data  shifted  in,  as  timed  by  Interval  Timer  2.  However, 
only  the  low  order  byte  of  Interval  Timer  2  is  active,  which  means  that  256  is  the  max- 
imum initial  Interval  Timer  2  count  which  can  be  used  A  low  pulse  with  a  width  of  one 
<1>2  clock  is  output  via  CB1  on  each  Interval  Timer  2  time-out,  as  a  signal  that  externa! 
logic  must  provide  the  next  serial  data  bit  to  be  input  Interrupts  are  generated,  as 
usual,  following  each  time-out,  an  additional  interrupt  is  generated  after  eight  bits  in 
the  Shift  register  have  been  serially  output 

When  Interval  Timer  2  is  being  used  to  strobe  the  Shift  register  in  Mode  001,  then  it 
operates  in  a  unique  mode  which  is  not  available  at  any  other  time 
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Whenever  Interval  Timer  2  times-out  the  contents  of  the  low  order  Latch  byte  are  im- 
mediately transferred  to  the  low  order  Counter  byte — and  decrementing  resumes. 
Thus,  Interval  Timer  2  is  operating  in  a  free-running  mode,  with  only  the  low  order 
Counter  byte  active.  As  this  would  imply,  you  must  initiate  Interval  Timer  2  by  loading 
the  appropriate  initial  count  into  the  low  order  Timer  2  Latch  byte  —  before  enabling 
the  Shift  register  in  Mode  001  Following  a  time-out  you  can,  of  course,  reload  the  inter- 
val Timer  2  low  order  Latch  byte  to  modify  the  next  time  interval  Timing  may  be  illustr- 
ated as  follows: 


Interval  Timer  2  time-outs  strobe  shifter 


t  f 


Li 


i  i  i  i  i 


Shift 
0 


Shift 

1 


Shift 
2 


Shift 
3 


Shift 
4 


Shift 

5 


CPU  must  read  shifter  contents 
within  this  time  interval 

Note  that  it  is  your  responsibility  as  a  programmer  to  ensure  that  all  logic  needed  by  the 
Shifter  has  been  appropriately  set  for  operations  illustrated  above.  This  means  that  you 
must  program  Interval  Timer  2  to  redecrement  following  each  time-out  by  writing  a  0 
into  select  code  1001 2,  the  high  order  Timer  2  Counter  byte. 

Since  control  signals  CB1  and  CB2  are  being  used  by  the  Shift  register  in  this  mode  of 
operation,  Shift  register  requirements  will  override  any  CB1  and  CB2  control  signal 
specifications  that  have  been  made  via  bits  7,  6,  5,  and  4  of  the  Peripheral  Control 
register 

Mode  010;  input  under  <J>2  clock  strobe.  This  mode  is  specified  by  010  in  bits  5,  4 
and  3  of  the  Auxiliary  Control  register. 

In  Mode  010,  and  in  all  other  Shift  register  modes  that  are  clocked  by  <l>2,  shifting  stops 
on  the  eighth  shift™- which  is  marked  by  an  interrupt  request  Timing  may  be  illustr- 
ated as  follows: 

Shifting  stops 


Shift  register  bit  0 

at  final  interrupt:  7 
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Mode  011;  input  under  external  pulse  strobe.  This  mode  is  specified  by  01 1  in  bits  5. 
4  and  3  of  the  Auxiliary  Control  register  This  mode  is  equivalent  to  the  standard  serial 
input  found  in  most  serial  I/O  devices,  where  external  logic  provides  the  clocking  signal 
which  is  used  to  time  in  serial  data.  In  this  case,  external  logic  provides  a  clocking  sig- 
nal via  CB1;  a  high-to-low  transition  of  CB1  is  interpreted  by  the  Shift  register  as  a 
strobe  to  input  the  next  serial  data  bit  from  CB2. 

Timing  may  be  illustrated  as  follows: 

'-YTVn 

Shift  6  Shift  7  Shift  0  Shift  1  Shift  2  — 

I 

Interrupt 
request 

As  was  the  case  with  Mode  001,  shifting  is  continuous.  So  far  as  external  logic  is  con- 
cerned it  is  shifting  in  an  endless  stream  of  serial  data  bits.  Shifter  logic  generates  an  in- 
terrupt request  every  eighth  shift  so  that  the  CPU  will  know  when  to  read  the  contents 
of  the  Shifter  The  CPU  has  the  time  interval  between  a  Shifter  interrupt  and  the  next 
high-to-low  transition  of  CB1  within  which  to  read  Shifter  register  contents,  If  the  CPU 
does  not  read  Shifter  register  contents  in  this  time  interval  then  an  error  will  occur  but 
no  error  status  will  be  reported 

Shift  register  use  of  control  signals  CB1  and  CB2  overrides  specifications  made  for 
these  signals  via  bits  7,  6,  5  and  4  of  the  Peripheral  Control  register;  however,  the  policy 
of  overriding  adopted  by  the  designers  of  the  MCS6522  is  somewhat  subtle.  Since  con- 
trol signal  CB2  is  used  as  a  serial  data  input  signal,  any  specifications  made  for  this  sig- 
nal via  the  Peripheral  Control  register  are  totally  ignored.  Specifications  made  for  con- 
trol signal  CB1 ,  however,  remain  If  you  have  enabled  I/O  Port  B  via  bit  1  of  the  Auxiliary 
Control  register,  then  the  active  transition  for  control  signal  CB1  which  is  specified  by 
bit  4  of  the  Peripheral  Control  register  will  apply  Thus  you  will  generate  an  interrupt 
whenever  CB1  makes  an  active  transition  in  the  process  of  clocking  in  serial  data.  The 
two  possibilities  may  be  illustrated  as  follows: 


Data  read  and  interrupt  request 


You  can  disable  interrupts  occurring  as  a  result  of  active  CB1  transitions  via  the  Inter- 
rupt Enable  register,  which  we  have  yet  to  describe. 
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Let  us  now  look  at  the  output  modes  of  the  Shift  register,  in  all  output  modes,  the 
Shift  register  transfers  the  contents  of  bit  7  to  control  signal  CB2.  Simultaneously,  bit  7 
contents  are  shifted  back  into  bit  0.  This  may  be  illustrated  as  follows: 


Out  to  CB2 


Depending  upon  the  serial  output  option  you  choose,  CB1  may  or  may  not  be  used  as  a 
companion  control  signal. 

Mode  100;  free-running  output  under  Interval  Timer  2  strobe.  This  mode  is  selected 
via  100  in  bits  5,  4  and  3  of  the  Auxiliary  Control  register.  Data  is  shifted  out  of  Shift 
register  bit  7,  clocked  by  Interval  Timer  2,  as  described  for  input  mode  001  Data  shifted 
out  appears  on  CB2.  Shifting  is  continuous,  which  means  that  the  bit  pattern  in  the 
Shift  register  will  output  endlessly. 

Mode  101;  output  under  Interval  Timer  2  strobe.  This  mode  is  specified  by  101  in 
bits  5,  4  and  3  of  the  Auxiliary  Control  register.  It  differs  from  Mode  100,  which  we  have 
just  described,  in  that  once  eight  bits  have  been  shifted  out  of  the  Shifter,  an  interrupt 
is  requested  and  shifting  halts 

You  can  output  continuously  under  Mode  101  by  making  appropriate  use  of  Shift 
register  interrupts  and  Interval  Timer  2.  The  Shift  register  interrupt  occurs  on  the  eighth 
shift  out  of  the  Shifter;  but  within  the  time  it  takes  for  Interval  Timer  2  to  again  time- 
out, you  can  reload  the  Shifter.  If  you  reload  the  Shifter  during  this  time  interval,  then 
on  the  next  time-out  of  Interval  Timer  2,  shifting  will  begin  again,  and  thus  become  an 
uninterrupted  bit  stream  on  signal  CB2. 

Mode  1 10;  shift  out  under  $2  pulse.  This  mode  is  selected  via  1 10  in  bits  5,  4  and  3 
of  the  Auxiliary  Control  register  In  this  mode  eight  bits  are  shifted  out  of  the  Shift 
register,  clocked  by  $2.  Then  shifting  ceases. 

These  are  the  steps  you  must  adopt  when  using  the  Shifter  in  Mode  1 10: 

1)  Disable  the  Shifter  by  loading  000  into  bits  5,  4  and  3  of  the  Auxiliary  Control 
register. 

2)  Load  a  byte  of  data  into  the  Shifter  Remember  the  data  you  load  will  be  shifted 
high  order  bit  first. 

3)  Enable  the  Shifter  by  loading   1  10  into  bits  5,  4  and  3  of  the  Auxiliary  Control 
register 

4)  Again  disable  the  Shifter  by  loading  000  into  bits  5,  4  and  3  of  the  Auxiliary  Control 
register 

In  Mode  110,  data  will  be  shifted  out  on  every  high-to-low  transition  of  the  02  clock 
pulse.  Thus  the  entire  shift,  operation  will  be  completed  in  eight  clock  pulses. 
Mode  111;  shift  out  under  external  pulse  strobe.  This  mode  is  identical  to  Mode 
101.  except  that  instead  of  output  being  timed  by  Interval  Timer  2,  external  logic  pro- 
vides the  output  timing  pulse  via  control  signal  CB1  As  was  the  case  for  input  mode 
01 1,  the  high-to-low  transition  of  the  external  timing  signal  input  via  CB1  causes  serial 
data  to  be  shifteo  out  of  the  Shift  register.  Once  again,  unless  you  have  disabled  CB1  in- 
terrupts via  the  Interrupt  Enable  register,  the  condition  of  bit  4  in  the  Peripheral  Control 
register  will  cause  the  interrupts  to  be  requested  each  time  control  signal  CB 1  makes  a 
high-to-low  or  a  low-to-high  transition 
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MCS6522  INTERRUPT  LOGIC 

Interrupt  logic  is  one  of  the  first  things  you  must  initialize  when  starting  to  use  an 

MCS6522  It  is  the  last  subject  we  describe,  because  in  order  to  understand  MCS6522 

interrupts,  you  must  first  be  aware  of  the  numerous  ways  in  which  interrupt  requests 

may  originate  within  this  device 

There  are  two  addressable  locations  within  the  MCS6522  dedicated  to  interrupt  logic: 

1)     The  Interrupt  Flag  register,  selected  by  1 1 0 1 2 

2}     The  Interrupt  Enable  register,  selected  by  1 1 1O2 

These  two  registers  have  individual  bits  assigned  to  the  different  interrupt  requesting 
sources  as  follows; 

7    6    5    4    3    2    1    0-*g Bit  No. 

I Interrupt  Flag  register 

—  Interrupt  Enable  register 


i\    i\    il    il    il    ill 


-Active  transition  of  CA2 
-Active  transition  of  CA1 

-  Active  transition  of  CB2 

■  Active  transition  of  CB1 

•  Shift  register  eighth  shift 

■  Interval  Timer  2  time-out 

■  Interval  Timer  1  time-out 

-  Enable/disable  specification 

-  Any  active  interrupt  request 


The  interrupt  Flag  register  identifies  those  interrupts  which  are  active.  A  1  in  any 

bit  position  indicates  an  active  interrupt,  whereas  a  0  indicates  an  inactive  interrupt. 

You  can  selectively  enable  or  disable  individual  interrupts  via  the  Interrupt  Enable 
register.  You  enable  individual  interrupts  by  writing  to  the  Interrupt  Enable  register 
with  a  1  in  bit  7  Thus  you  could  enable  "time-out  for  Timer  1 "  and  "active  transitions 
of  signal  CB1"  by  outputting  CS^q  to  the  Interrupt  Enable  register 

76543210-** Bit  No- 

EOQiQi!i°lQloi~ 


-Interrupt  Enable  Register 


Ji    ii 


—  Bit  3,  active  transition  of  CB1 

—  Bit  6,  Interval  Timer  1  time-out 

—  Enable  specified 


You  selectively  disable  interrupts  by  writing  to  the  Interrupt  Enable  register  with  bit  7 
set  to  0  Thus  you  would  disable  time-outs  from  Timer  1  and  active  transitions  of  signal 
CB1  by  outputting  48^6  to  the  Interrupt  Enable  register. 

If  an  active  interrupt  exists  in  the  Interrupt  Flag  register  for  an  interrupt  which  has  been 
enabled  via  the  Interrupt  Enable  register,  then  bit  7  of  the  interrupt  Flag  register  will  be 
set  —  and  an  interrupt  request  will  be  passed  on  to  the  CPU  by  setting  IRQ  low.  The  in- 
terrupt service  routine  executed  in  response  to  an  interrupt  request  from  the  MCS6522 
must  read  the  contents  of  the  Interrupt  Flag  register  in  order  to  determine  the  source  of 
the  interrupt  and  thus  the  manner  in  which  the  interrupt  must  be  serviced 
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You  can  clear  any  bit  in  the  Interrupt  Flag  register,  except  bit  7,  by  writing  a  1  to  that 
bit  Writing  a  0  to  a  bit  has  no  effect  Thus,  if  interrupt  requests  were  being  made  from 
time-out  of  Timer  1  and  an  active  transition  on  CM  ; 


7    6    5    4    3    2     10 

lililololololilol 


-  Bit  No. 

-  Interrupt  Flag  register 


Writing  either  8216  or  0216  to  select  code  1 1012  would  clear  the  interrupt  due  to  an 
active  transition  on  CM  (bit  1};  however,  bits  7  and  6  would  remain  set 

There  are  a  number  of  ways  in  which  interrupt  requests  are  automatically  cleared,  and 
the  corresponding  Interrupt  Flag  register  bits  get  reset  These  are  summarized  in  Table 
9-6. 

Table  9-6.  A  Summary  Of  MCS6522  Interrupt  Setting  And  Resetting 


SET 


Time-out  of  Timer  1 
Time-out  of  Timer  2 

Completion  of  eight  shifts 

Active  transition  of  the 
signal  on  CB1 

Active  transition  of  the 
signal  on  CB2  (input  mode) 

Active  transition  of  the 
signal  on  CA1 

Active  transition  of  the 
Signal  on  CA2  (input  mode) 


CLEARED  BY 


Reading  Timer  1  Low  Order  Counter 
or  writing  T1  High  Order  Latch 

Reading  Timer  2  Low  Order  Counter 
or  writing  T2  High  Order  Counter 

Reading  or  writing  the  Shift  register 

Reading  from  or  writing  to  I/O  Port  B 


Reading  from  or  writing  to  I/O  Port  B 
in  input  mode  only 

Reading  from  or  writing  to  I/O  Port  A 
using  address  0001  -j 

Reading  from  or  writing  to  1/6  Port  A 
Output  register  (ORA)  using 
address  0001  -j  in  input  mode  only 


THE  MCS6530  MULTIFUNCTION  SUPPORT 
LOGIC  DEVICE 

This  is  a  device  which  appears  to  have  been  designed  by  MOS  Technology  as  an 
answer  to  the  F8,  which  is  summarized  in  Chapter  2.  Recall  that  the  F8  3850  CPU 
and  385 1  PSU  combine  to  provide  a  CPU,  1 K  bytes  of  ROM,  64  bytes  of  RAM,  four  8-bit 
I/O  ports,  a  programmable  Interval  Timer  and  an  interrupt  This  is  a  formidable  amount 
of  logic  to  obtain  with  just  two  devices. 

In  order  to  compete  in  low-end,  high  volume,  price  sensitive  markets,  MOS  Technology 
came  up  with  the  MCS6530  which  provides  1  K  bytes  of  ROM,  64  bytes  of  RAM,  two  i/O 
ports,  a  Programmable  Interval  Timer  and  interrupt  logic.  The  realities  of  the  MCS6530 
are  such  that  if  you  use  the  Interval  Timer  and  interrupt  logic,  one  of  the  I/O  ports  is 
only  partially  functional;  nevertheless,  an  MCS6530  multifunction  support  device, 
together  with  an  MCS6500  series  CPU  can  compete  with  a  two-device  F8  system  more 
effectively  than  most  8- bit  microprocessors  described  in  this  book. 
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Specifically  comparing  a  two-chip  F8  with  a  two-chip  MCS6500  microcomputer 
system,  we  conclude  that  the  F8  offers  more  logic  —  specifically  three  more  I/O 
ports,  while  the  MCS6500  offers  a  more  powerful  instruction  set  —  thus  more 
effective  ROM  utilization. 

But  the  introduction  of  a  single-chip  F8  equivalent  of  the  3850  CPU  and  3851  PSU 
makes  the  comparative  analysis  moot. 

If  we  look  at  the  MCS6530  simply  as  a  member  of  the  MCS6500  microcomputer  family 
of  devices,  it  is  best  visualized  as  a  memory  device  which,  in  addition,  provides  a  signifi- 
cant subset  of  the  MCS6522  logic  capabilities  The  MCS6530  may  be  compared  with 
the  Fairchild  3851  PSU,  described  in  Chapter  2. 

Figure  9-16  illustrates  that  part  of  our  general  purpose  microcomputer  logic  which 
has  been  implemented  on  the  MCS6530  multifunction  logic  device.  Figure  9-16 
also  applies  to  the  MCS6532,  which  we  will  describe  next. 

The  MCS6530  is  packaged  as  a  40-pin  DIP.  It  uses  a  single  +5V  power  supply.  All 
inputs  and  outputs  are  TTL  compatible.  I/O  Port  A  and  B  pins  are  also  CMOS  com- 
patible. PAO  and  PBO  may  be  used  as  a  power  source  to  directly  drive  the  base  of  a 
transistor  switch. 

The  devices  are  implemented  using  N-channel  silicon  gate  MOS  technology. 

Figure  9-17  illustrates  the  logic  provided  by  an  MCS6530  multifunction  logic 
device. 

THE  MCS6530  MULTIFUNCTION  DEVICE  PINS 
AND  SIGNALS 

The  MCS6530  multifunction  device  pins  and  signals  are  illustrated  in  Figure  9-18. 

These  signals  are  identical  to  signals  With  the  same  names  which  we  have  already 
described  for  the  MCS6522: 

DO-  D7  the  bidirectional  Data  Bus 

$2  the  system  clock  input 

R/W  the  Read/Write  control  output  by  the  CPU 

RESET  which  is  a  standard  reset  input 

I/O  port  pins  PAO  -  PA7  and  PBO  -  PB7  are  functionally  similar  to  equivalent  I/O 
port  pins  of  the  MCS6522,  but  there  are  some  differences. 

Pin  1 7  may  be  specified,  when  you  order  the  MCS6530,  as  IRQ  only,  PB7  only,  or  as 
the  programmable  dual  function  pin  IRQ/PB7. 

Electrical  characteristics  of  all  16  MCS6530  I/O  port  pins  are  equivalent  to  MCS6522 
I/O  Port  B  pins,  rather  than  I/O  Port  A  pins 

MCS6530  pins  18  and  19  may  implement  I/O  Port  B  pins  PB6  and  PB5,  or  they 
may  serve  as  chip  select  pins.  Note  carefully  that  these  are  not  programmable  dual 
function  pins.  Each  pin  will  either  have  one  function  or  the  other;  and  when  ordering 
the  part,  you  must  indicate  which  function  the  pin  is  to  serve.  Pins  18  and  19  are 
logically  independent,  and  the  function  assigned  to  one  in  no  way  restricts  the  choices 
available  to  you  when  assigning  functions  to  the  other  pins. 

If  pins  18  and/or  19  have  been  assigned  to  chip  select  logic,  then  they  contribute 
to  device  addressing  in  a  unique  way. 

The  MCS6530  has  ten  address  lines,  A0  -  A9;  this  is  sufficient 
to  address  1024  bytes  of  ROM  In  addition,  the  MCS6530  has  64 
bytes  of  RAM  -plus  assorted  I/O  and  Interval  Timer  logic  which 
needs  to  be  addressed.  RSO,  CS1  and  CS2  are  used  to  discriminate 
between  ROM  addresses,,  RAM  addresses  and  additional  logic  addresses.  But  there  is 
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Figure  9-17.  Logic  Provided  By  The  MCS6530  Multifunction  Device 

no  predefined  way  in  which  the  different  addressable  locations  of  the  MCS6530  will  be 
accessed  —  which  is  only  to  be  expected  since  CS1  and  CS2  are  not  permanent 
features  of  every  MCS6530  device.  When  RSO  is  high,  ROM  will  always  be  selected. 
When  RSO  is  low,  RAM  or  additional  logic  may  be  accessed  —  and  the  way  in 

which  the  access  works  is  entirely  up  to  you. 

RAM  and  additional  logic  each  have  an  internal  master  select;  and  what  you  specify  is 
the  way  in  which  these  master  selects  will  be  derived.  As  you  will  see  upon  examining 
Table  9-7,  master  selects  for  RAM  and  additional  logic  each  will  consist  of  the  follow- 
ing: 

1 )  RSO  set  to  0. 

2)  Address  lines  A4  -  A9  with  specific  values  which  you  define. 

3)  CS1  and  CS2,  if  implemented,  with  specific  values  which  you  define. 

As  seen  by  a  programmer,  the  address  space  of  an  MCS6530  can  be  divided  in  many 
flexible  ways. 
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Pin  Name 

Description 

Type 

DO  -  D7 

Data  Bus  to  CPU 

Tristate 

bidirectional 

02 

System  Clock 

Input 

R/W 

Read /Write  control 

Input 

RESET 

Reset 

Input 

PAO  -  PA7 

Port  A  Peripheral  Data  Bus 

Tristate, 

Input  or  Output 

PBO  -  PB7 

Port  B  Peripheral  Data  Bus 

Tristate, 

Input  or  Output 

IRQ 

Interrupt  from  Interval  Timer; 
special  function  of  input  pin  PB7 

Input 

CS1,  CS2 

Chip  Select 

Input 

A0-  A9 

Address  lines 

Input 

RSO 

ROM  Select 

Input 

Vcc.  vss 

Power  and  Ground 

•Mutually  exclusive  functions.  One  or  the  other  must  be  specified  when  the  chip  is  ordered. 

Figure  9-18.  MCS6530  Multifunction  Device  Signals  And  Pin  Assignments 

Usually  RSO  will  be  connected  to  a  high  order  address  line;  let  us  assume  it  is  A10,  so 
that  we  can  develop  real  examples  Now  ROM  will  be  accessed  by  addresses  in  the 
range  0400-]g  through  07FF-J5-. 

A15  A14  A13  A12  A1 1  A10  A9  A8  A7  A6  A5  A4  A3  A2  A1  AO 

\ 

RSO 


1      0     000000000  Lower  ROM  limit 


Upper  ROM  limit 


RAM  may  respond  to  any  64  contiguous  addresses  in  the  range  OOOO-jg  through 
03FF16. 

Similarly,  I^O  and  timer  logic  will  be  selected  by  16  contiguous  memory  addresses  in 
the  same  address  space- 
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In  summary,  we  may  illustrate  addressing  and  select  options  as  follows: 

A15  AH  A13  A12  A1 1  A10  A9  A8  A7  A6  A5  A4  A3  A2  A1  AO  CS1  CS2 


Select  RSO 

logic  from 

these  address 

lines 


I/O  and 
Timer  address 


Generate  RAM  -*- 

select  and 
I/O  Timer  select 


There  are  a  number  of  aspects  to  MCS6530  addressing  which  need  clarification. 

First  of  all,  you  may  well  ask  why  pins  18  and  19  can  optionally  be  assigned  as  addi- 
tional chip  select  inputs.  After  all,  with  RSO  low,  you  have  more  than  enough  address 
lines  to  access  RAM  plus  I/O  and  timer  logic.  The  purpose  of  having  CS1  and  CS2,  as 
additional  chip  selects,  is  to  allow  a  number  of  MCS6530  devices  to  interface  with  a 
single  CPU — without  requiring  complex  device  select  logic.  If  the  additional  chip 
select  signals  CS1  and  CS2  are  not  available,  you  cap  still  have  more  than  one 
MCS6530  connected  to  a  CPU,  but  additional  support  logic  must  selectively  suppress 
<I>2  for  all  but  one  MCS6530  device.  Remember,  RSO.  R/W  and  the  Address  Bus  are  all 
signals  with  two  active  and  no  passive  states.  These  signals  are  always  selecting  some 
MCS6530  location. 

Since  the  whole  purpose  of  the  MCS6530  is  to  support  very  low  cost  simple  microcom- 
puter configurations,  the  ability  to  minimize  device  select  logic  becomes  very  impor- 
tant. 

Observe  that  address  logic  is  used  not  only  to  access  individual  addressable  locations 
within  the  MCS6530,  but  also  to  perform  certain  programming  functions.  We  will  de- 
scribe these  programming  functions  in  greater  detail  later.  It  is  interesting  to  note  that 
both  the  MC6800  and  MCS6500  microcomputer  devices  use  address  logic  to  provide 
control  functions  in  support  devices.  In  contrast,  8080A  devices  will  be  very  spartan 
when  it  comes  to  device  addressing,  frequently  having  two  I/O  or  memory  addresses  to 
access  numerous  different  locations  —  with  complex  sequencing  schemes  determining 
how  locations  will  be  accessed. 

MCS6530  PARALLEL  DATA  TRANSFER  OPERATIONS 

Parallel  data  transfer  operations,  when  using  the  MCS6530  are  exactly  as  described  for 
the  MCS6522  I/O  Port  B. 

Each  I/O  port  of  the  MCS6530  has  a  Data  Direction  register  Into  this  register  you  load  a 
mask  which  has  a  1  in  every  bit  position  corresponding  to  an  output  I/O  port  pin  and  a  0 
corresponding  to  an  input  I/O  port  pin.  Subsequently  the  CPU  reads  and  writes  data  by 
accessing  the  assigned  I/O  port  address. 

MCS6530  INTERVAL  TIMER  AND  INTERRUPT  LOGIC 

MCS6530  Interval  Timer  logic  differs  significantly  from  MCS6522  logic.  The  MCS6530 
Interval  Timer  is  a  single  8-bit  register  which  can  be  loaded  with  any  initial  value.  The 
initial  value  decrements  on  high-to-low  transitions  of  the  <I>2  clock  pulse,  or  multiples  of 
the  4>2  clock  pulse;  and  on  decrementing  to  0,  an  interrupt  request  is  generated.  Thus 
the  largest  time  interval  is  generated  by  loading  0  into  the  Interval  Timer  register. 
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Table  9-7    Addressing  The  MCS6530  Multifunction  Support  Logic  Device 


PRIMARY  SELECT 

RAM 

I/O  TIMER 

ACCESSED  LOCATIONS 

RSO 

SELECT* 

SELECT* 

1 
0 

X 

1 

X 
0 

AO  -  A9  directly  address  one  of  1024  ROM  bytes 
AO  -  A5  directly  address  one  of  64  RAM  bytes 

SECONDARY 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 

1 

1 

1 
1W 
1W 

SELECT 

INTERPRETATION 

A3 

A2 

A1 

AO 

X 
X 
X 
X 
0 
1 

0 
0 
0 
0 

0 
0 

1 
1 

X 
X 

0 

1 

0 
1 

X 
X 

Access  I/O  Port  A 

Access  I/O  Port  A  Data  Direction  register 

Access  I/O  Port  B 

Access  J/0  Port  B  Data  Direction  register 

Disable  IRQ 

Enable  IRQ 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1W 
1W 
1W 
1W 
1R 
1R 

X 
X 
X 
X 
X 
X 

0 
0 

1 
1 

X 
X 

0 

1 

0 

1 

0 

1 

Write  to  timer,  then  decrement  every  <t>2  pulse 
Write  to  timer,  then  decrement  every  8  <P2  pulses 
Write  to  timer,  then  decrement  every  64  <t>2  pulses 
Write  to  timer,  then  decrement  every  1024  <J>2  pulses 
Read  timer 
Read  interrupt  flag 

♦RAM 

select  and 

/O  select  are 

"true" 

if  1,  or 

"false' 

if  0;  true  and  false  are  functions  of  your  specification. 

X  represents  "don*t  care".  Bits  may  be  0  or  1. 
1R  represents  Select  during  a  read. 
1W  represents  Select  during  a  write.  " 

As.  defined  in  Table  9-7,  the  Interval  Timer  has  four  addresses  which  you  can  use  when 
loading  an  initial  timer  value  Each  address  specifies  a  different  decrement  interval-  The 
four  decrement  intervals  are  1,  8,  64  or  1024  <f>2  clock  pulses 

Suppose  the  MCS6500  microcomputer  system  is  being  driven  by  a  500  nanosecond 
clock.  The  four  decrement  options  mean  that  the  Interval  Timer  may  be  decremented 
once  every  1/2,  4,  32  or  512  microseconds.  The  time-out  will  occur  anywhere  from  1  to 
256  decrements  following  the  write  into  the  Interval  Timer 

Following  a  time-out,  an  interrupt  will  be  requested  When  an  interrupt  request  occurs, 
the  interrupt  flag  will  be  set  This  flag  may  be  read  by  the  CPU  using  the  address  shown 
in  Table  9-7. 

The  interrupt  request  will  appear  as  a  low  level  on  pin  1  7  if  the  following  conditions  are 
met: 

1)  Address  line  A3  is  1  when  reading  from  or  writing  to  the  timer 

2)  PB7  has  been  programmed  as  an  input  by  loading  a  0  into  bit  7  of  the  I/O  Port  B 
Data  Direction  register  (This  is  not  necessary  if  the  pin  is  factory  masked  to  be  IRQ 
only } 

The  interrupt  to  pin  17  is  disabled  when  address  line  A3  is  0  on  a  timer  read  or  write. 

The  interrupt  request  is  cleared  (that  is,  IRQ  returns  high)  the  next  time  the  timer  is  writ- 
ten or  read 

Once  the  interval  Timer  has  timed  out,  it  will  decrement  once  more,  from  0  back  to  0. 
Then  it  will  stop  Post-interrupt  decrementing  occurs  on  every  «J>2  clock  cycle,  regard- 
less of  whether  pre-interrupt  decrements  occurred  every  1,  8,  64  or  1024  <t>2  clock  cy- 
cles. 
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Figure  9-19    Logic  Provided  By  The  MCS6532  Multifunction  Device 

THE  MCS6532  MULTIFUNCTION  SUPPORT 
LOGIC  DEVICE 

This  device  is  a  variation  of  the  MCS6530  which  we  have  just  described. 

The  MCS6532  provides  no  ROM  memory,  but  twice  the  RAM  —  128  bytes 

External  logic  can  request  an  interrupt  via  the  MCS6532  using  a  control  signal  which 
may  be  likened  to  the  MCS6522  CA1  orCB1  control  input 

The  mask  defined  addressing  options  of  the  MCS6530  have  been  removed  from  the 
MCS6532;  otherwise  the  balance  of,  logic  on  the  two  devices  is  identical 

Figure  9-16  also  illustrates  that  part  of  our  general  purpose  microcomputer  system 
logic  which  has  been  implemented  on  the  MCS6532  multifunction  device.  Figure 
9-19  illustrates  the  logic  functions  provided  by  the  MCS6532. 

The  MCS6532  multifunction  device  is  packaged  as  a  40  pin  DIP.  It  uses  a  single 
+5V  power  supply.  All  inputs  and  outputs  are  TTL  compatible.  I/O  Port  A  and  B 
pins  are  also  CMOS  logic  compatible.  Pins  of  I/O  Port  B  may  be  used  as  a  power 
source  to  directly  drive  the  base  of  a  transistor  switch. 

The  device  is  implemented  using  N  channel  silicon  gate  MOS  technology. 
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%# 

40 

A6 

2 

39 

■"■"   <l>2 

3 

38 

US1 

4 

37 

5 

36 

■^ Hi> 

6 

35 

H/W 

jw 

7 

34 

PAO-^- 

8 

33 

-^  DBO 

* 

9 

32 

-^  DB1 

10 

31 

-^  DB2 

PA3  •*■ 

11 

MCS6532 

30 

-►  DB3 

PA4  -**- 

12 

29 

»**-  DB4 

PA5  -^- 

13 

28 

-^  DB5 

PA6  -4- 

14 

27 

-^  DB6 

PA7  ~^- 

15 

26 

-^  DB7 

PB7  -^- 

16 

25 

PB6  -^- 

17 

24 

-►  PBO 

PB5  .^_ 

18 

23 

-^-  PB1 

PB4-^_ 

19 

22 

-^~  PB2 

"CC    

20 

21 

Pin  Name 

Description 

Type 

DBO  -  DB7 

Data  Bus  to  CPU 

Tristate, 

Bidirectional 

<t>2 

System  Clock 

input 

R/W 

Read /Write  control 

Input 

RESET 

Reset 

Input 

PAO  -  PA7 

Port  A  Peripheral  Data  Bus 

Tristate, 

Input  or  Output 

PBO  -  PB7 

Port  B  Peripheral  Data  Bus 

Tristate, 

Input  or  Output 

IRQ 

Interrupt  Request 

Output 

CS1,  CS2,  RS 

Device  or  internal  register  select 

Input 

A0-A6 

Address  lines 

Input 

vcc.  vss 

Power  and  Ground 

Figure  9-20    MCS6532  Multifunction  Device  Signals  And  Pin  Assignments 

MCS6532  MULTIFUNCTION  DEVICE  PINS  AND  SIGNALS 

The  MCS6532  multifunction  device  pins  and  signals  are  illustrated  in  Figure  9-20. 
These  are  the  only  differences  between  MCS6532  and  MCS6530  signals: 

1)  IRQ,  CS1  and  CS2  are  assigned  unique  pins  by  the  MCS6532;  the  MCS6530  re- 
quires you  to  choose  individually  between  these  three  signals  and  the  three  high 
order  bits  of  I/O  Port  B. 

For  the  MCS6532  to  be  selected,  RS*and  CS2  must  be  low  while  CS1  is  high.  Recall 
that  with  the  MCS6530  RS0  is  a  signal  which  discriminates  between  ROM  and 
other  addressable  locations;  you  define  the  way  in  which  CS1  and  CS2,  if  present 
will  function  when  you  order  an  MCS6530  part 


2) 


MCS6532 
ADDRESSING 


Addressing  the  MCS6532  is  a  good  deal  simpler  than  addressing 
the  MCS6530,  since  the  MCS6532  has  no  ROM  present  and  it  has 
separate  Chip  Select  sigmals.  You  still  must  define  RAM  select  and 
I/O  timer  select  as  a  function  of  RS,  CS1  and  CS2  and  address  lines  A0  -  A6  By  con- 
necting'RS,  CS1  and  CS2  to  higher  address  lines,  you  can  assign  RAM  or  I/O  timer  logic 
various  address  spaces.  This  ability  to  define  RAM  and  I/O  Timer  select  as  a  mask  op- 
tion is  a  convenience,  where  with  the  MCS6530  it  was  frequently  a  necessity.  With  the 
MCS6532  you  can  accept  whatever  standard  "off-the-shelf"  option  ib  being  provided, 
and  still  have  enough  flexibility  using  RS,  CS1  and  CS2  to  include  a  number  of 
MCS6B32  devices  in  a  microcomputer  configuration. 


9-67 


Table  9-8.  Addressing  The  MCS6532  Multifunction  Support  Logic  Device 


PRIMARY  SELECT 

SECONDARY  SELECT 

INTERPRETATION 

RAM 

I/O  TIMER 

SELECT 

SELECT 

A4 

A3 

A2 

A1 

AO 

1 

0 

X 

X 

X 

X 

X 

AO  -  A6  directly  addresses  one  of  128  RAM  bytes 

0 

1 

X 

X 

0 

0 

0 

Access  I/O  Port  A 

0 

1 

X 

X 

0 

0 

1 

Access  I/O  Port  A  Data  Direction  register 

0 

1 

X 

X 

0 

1 

0 

Access  I/O  Port  B 

0 

1 

X 

X 

0 

1 

1 

Access  I/O  Port  B  Data  Direction  register 

0 

1W 

0 

X 

X 

Disable  TrQ 

0 

1W 

1. 

X 

X 

Enable  "iRQ 

0 

1W 

X 

0 

0 

Write  to  timer,  then  decrement  every  <t>2  pulse 

0 

1W 

X 

0 

1 

Write  to  timer,  then  decrement  every  8  <P2  pulses 

0 

1W 

X 

1 

0 

Write  to  timer,  then  decrement  every  64  <t>2  pulses 

0 

1W 

X 

1 

1 

Write  to  timer,  then  decrement  every  1024  <l>2  pulses 

0 

1R 

X 

X 

X 

0 

Read  timer 

0 

1R 

X 

X 

X 

1 

Read  interrupt  flags 

0 

1W 

0 

X 

X 

0 

Request  interrupt  on  high-to-tow  PA7  transition 

0 

1W 

0 

X 

X 

1 

Request  interrupt  on  low-to-high  PA7  transition 

0 

1W 

0 

X 

0 

X 

Enable  PA7  interrupt  request 

0 

1W 

0 

X 

1 

X 

Disable  PA7  interrupt  request 

X  represents  "don't  care".  Bits  may  be  0  or  1. 

1R        represents  Read  access.  1W  represents  Write  access. 


MCS6532  LOGIC  FUNCTIONS 

Table  9-8  summarizes  the  way  in  which  addressing  is  used  both  to  access  locations 
within  the  MCS6532  and  to  provide  various  logic  functions. 

The  only  logic  of  the  MCS6532  which  differs  from  the  MCS6530  and  needs  to  be  de- 
scribed is  the  external  interrupt  request  capability. 

External  logic  requests  interrupts  via  I/O  Port  A  pin  PA7  I/O  Port  A  pin  PA7  must  be 
declared  an  input  pin  by  loading  0  into  bit  7  of  the  I/O  Port  A  Data  Direction  register. 
Data  Direction  registers  have  been  described  in  conjunction  with  the  MCS6522.  A  low- 
to-high  or  high-to-low  transition  on  a  signal  input  to  PA7  will  generate  the  interrupt  re- 
quest An  interrupt  request  will  be  accompanied  by  bit  6  of  the  Interrupt  Flag  register 
being  set  Table  9-8  defines  the  way  in  which  you  select  interrupt  options 

MCS6532  interrupt  acknowledge  logic  requires  the  CPU  to  read  the  Interrupt  Flags 
register.  This  read  operation  resets  MGS6532  interrupt  logic. 
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DATA  SHEETS 

The  following  section  contains  electrical  characteristics  and  specific  timing  data  for  the  MC.S6500 
series  CPUs  and  the  MCS6530  Multifunction  Device. 


[common  characteristics! 


MAXIMUM  RATINGS 


RATING 

SYMBOL 

VALUE 

UNIT 

SUPPLY  VOLTAGE 

Vcc 

-0.3  to  +'7.0 

Vdc 

INPUT  VOLTAGE 

Vin 

-0,3  to  +7.0 

Vdc 

OPERATING  TEMPERATURE 

TA 

0   to  +70 

°C 

STORAGE  TEMPERATURE 

TSTG 

-55  to  +150 

°C 

ntaii 


damage  dt 
voltages 

however,  precautions  should 
be  taken  to  avoid  applica- 
tion of  voltages  higher 
than  the  maximum  rating. 

ELECTRICAL  CHARACTERISTICS      (Vcc  =  5.0V  ±  5%,  Vss  =  0,  TA  =  25°  C) 

01 >   02  applies  to  MCS6512,  13,  14,  15,  0q      applies  to  MCS6502,  03,  04,  05  and  06 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input  High  Voltage 

Logic, 0  ,   , 

VIH 

Vss  +  2.4 
Vcc  -  0.2 

: 

Vcc 
Vcc  +  0.25 

Vdc 

Input  Lov  Voltage 

iog;c-0o(in) 

0],D2 

VIL 

Vss  -  0.3 
Vss  -  0.3 

: 

Vss  +0.4 
Vss  +0.2 

Vdc 

Input  High  Threshold  Voltage 

RES , NMI , RDY  ,lRQ , Da t a , 
S.O. 

VIHT 

Vss  +  Z.pt 

Vdc 

Input  Low  Threshold  Voltage 

RES ,NMI, RDY, IRQ, Data, 
S.O. 

VILT 

Vss  +  0.8 

Vdc 

Inpuj:  Leakage  Current 

(V   -  Q  to  5.25V,  Vcc  =  0) 

°           Logic  (Excl. RDY, S.O.) 
01.02 

0o(i»> 

Xin 

-_ 

: 

2.5 

..  100 

10.0 

uA 

uA 

uA 

Three-State  (Off  State)  Input  Current 
(V£n  -  0.4  to  2.4V,  Vcc  -  5.25V) 
Data  Lines 

*TSI 

. 

10 

pA 

Output  High  Voltage 

(I|nAn  -  -lOOuAdc,  Vcc  -  A. 75V) 

SYNC, Data, A0-A15, R/W 

V0H 

Vss  +  2.4 

vdc 

Output  Low  Voltage 

(I|n   -  1.6mAdc,  Vcc  -  4. 75V) 

luau       SYHC,Data,A0-A15,  R/W 

V 

Vss  +  0.4 

Vdc 

Power  Dissipation 

PD 

-' 

.25 

.70 

w 

Capacitance 

(Vln  -  0,  TA  =  25°C,  f  ■=  1MHz) 

Logic 

Data 

A0-A15, R/W, SYNC 

•o(in) 

^1 

02 

C 

c 

0o(in) 

% 

" 

30 
50 

10 

15 
12 

15 
50 
80 

PF 

Hau:    IRQ  ind  NMI  require  3K  pull-up  resistors 
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MAXIMUM  RATINGS 


RATING 

SYMBOL 

VOLTAGE 

UNIT 

Supply  Voltage 

VCC 

-.3  to  +7.0 

V 

Input/Output  Voltage 

VIN 

-.3  to  +7.0 

V 

Operating  Temperature  Range 

TOP 

0  to  70 

°C 

Storage  Temperature  Range 

T 
STG 

-55  to  +150 

°C 

All  inputs  contain  protection  circuitry  to  prevent  damage  due  to  high 
static  charges.   Care  should  be  exercised  to  prevent  unnecessary  application 
of  voltage  outside  the  specification  range. 

ELECTRICAL  CHARACTERISTICS  (VCC  =  5.0v  +  5%,  VSS  =  0vf  TA  =  25°  0 


CHARACTERISTIC 

SYMBOL 

MIN. 

TYP. 

MAX. 

UNIT 

Input  High  Voltage 

VIH 

vss+2'4 

VCC 

V 

Input  Low  Voltage 

VIL 

vss-3 

V  +.4 

vss 

V 

Input  Leakage  Current;  V™  =  Vgc  +  5v 
A0-A9,  RS,  R/W,  RES,  02,  PB6*,  PBS* 

XIN 

1.0 

2.5 

uA 

Input  Leakage  Current  for  High  Impedance  State 
(Three  State);  VJN  =  . 4v  to  2.4v;  D0-D7 

ITSI 

±1.0 

±10.0 

yA 

Input  High  Current;  V   =  2.4v 
PA0-PA7,  PB0-PB7 

XIH 

-100. 

-300. 

yA 

Input  Low  Current;  V   =  . 4v 
PA0-PA7,  PB0-PB7 

XIL 

-1.0 

-1.6 

MA 

Output  High  Voltage 

VCC  =  MIN,  IL0AD  i  -!OOyA(PA0-PA7,PB0-PB7,D0-D7 

lLOAD  1  "3  MA  (PA0.PB0) 

VOH 

VSS+2 . 4 
VSS+1.  5 

V 

Output  Low  Voltage 

VCC  =  MIN,  lTrtA„  <  1.6MA 
LOAD  — 

VOL 

VSS+.4 

V 

Output  High  Current  (Sourcing) ; 

VOH  I   2.4v  (PA0"PA7,PB0-PB7,D0-D7) 

>  1.5v  Available  for  other  than  TTL 
(Darlingtons)  (PA0,PB0) 

*0H 

-100 
-3.0 

-1000 
-5.0 

yA 
MA 

Output  Low  Current  (Sinking);  VOL  £  -4v[pR§ZpB7 

)    X0L 

1.6 

MA 

Clock  Input  Capacitance 

°Clk 

30 

pf 

Input  Capacitance 

CIN 

10 

Pf 

Output  Capacitance 

C0UT 

10 

Pf 

Power  Dissipation 

PD 

500 

1000 

MW 

*When  programmed  as  address  pins 
All  values  are  D.C.  readings 
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WRITE  TIMING  CHARACTERISTICS 


CHARACTERISTIC 


Clock  Period 


Rise  &  Fall  Times 


Clock  Pulse  Width 


R/W  valid  before  positive  transition  of  clock 


Address  valid  before  positive  transition  of  clock 


Data  Bus  valid  before  negative  transition  of  clock 


Data  Bus  Hold  Time 


Peripheral  data  valid  after  negative  transition 
of  clock 


yS 


470 


TWCW 


300 


10 


Peripheral  data  valid  after  negative  transition 
of  clock  driving  CMOS  (Level=VCC-30%) 


READ  TIMING  CHARACTERISTICS 


CHARACTERISTIC 


R/W  valid  before  positive  transition  of  clock 


Address  valid  before  positive  transition  of  clock 


Peripheral  data  valid  before  positive  transition 
of  clock 


Data  Bus  valid  after  positive  transition  of  clock 


Data  Bus  Hold  Time 


IRQ  (Interval  Timer  Interrupt)  valid  before 
positive  transition  of  clock 


180 


180 


395 


NS 

NS 


MS 


MS 


Loading  =  30  pf  +  1  TTL  load  for  PA0-PA7,  PB0-PB7 
=130  pf  +  1  TTL  load  for  D0-D7 
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Tr- 


CLOCK     INPUT 


R/W 


^: 


y£  0.4  V  \. 


wcw 

0.8V 


ADDRESS 


DATA    BUS 


PERIPHERAL 
DATA 


— V^ 


Tacw 


Tcyc 
"TF 


!.0V 

',9V 


XI 


Tdcw- 


2,0V 


<+   »' 


yT 


X 


>c 


-THw 


X 


Tcpw 


X 


2.0V 
0.8V 


2.4V 

0.4V 

2.4  V 

0.4V 

2  4V 

0.4V 

_Vcc  _-30% 

2.4V 

0.4V 


TCMOS 
WRITE  TIMING  CHARACTERISTICS 


CLOCK      INPUT 


R/W 


ADDRESS 


PERIPHERAL 
DATA 


DATA    BUS 


PB7(TRQ) 


X 


% 

3H 


WCR 

Jacr 


xc 


Tpcr 


ov 

>8V 


TCDR~ 


-\  X  o^v  7 


X 


"Thr 


X 


Tic 


-0.4V 

-  2.4V 
-0.4V 

-2.4V 
-0.4V 

2.4V 
0.4V 

2.4V 
-0.4V 


READ  TIMING  CHARACTERISTICS 
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CHAPTER  10 
THE  SIGNETICS  2650 

Within  the  frame  of  reference  of  the  microcomputers  being  described  in  this  book, 
the  Signetics  2650  is  a  very  minicomputer-like  device,  comparable  in  design 
philosophy  to  the  National  Semiconductor  products. 

Like  the  National  Semiconductor  microcomputers,  the  Signetics  2650  has  a 
wealth  of  memory  addressing  modes;  a  large  number  of  CPU-generated  control 
signals  are  aimed  at  allowing  standard  TTL  logic  to  surround  the  microcomputer 
device  itself,  rather  than  requiring  a  family  of  support  devices,  as  do  most  pro- 
ducts described  in  this  book.  However,  you  will  have  very  little  trouble  using  support 
devices  of  the  8080A  with  the  Signetics  2650  CPU  MC6800  support  devices  can  be 
used  with  the  Signetics  2650  —  but  with  more  difficulty 

Interesting  features  of  the  2650,  which  are  described  on  the  following  pages,  are 
the  imaginative  use  of  status  flags,  a  rich  variety  of  very  informative  control  sig- 
nals, and  the  use  of  the  second  object  code  byte,  in  multibyte  instructions,  to  en- 
code memory  addressing  options. 

Figure  10-1  illustrates  the  logical  functions  implemented  on  the  2650  CPU  chip. 
Memory  and  other  external  logic  will  connect  directly  to  the  2650  address,  data 
and  control  lines,  without  need  for  interface  devices  (other  than  buffer  amplifiers 
needed  to  meet  signal  loads). 

The  2650  uses  a  single  +5V  power  supply 

Using  a  clock  with  0,8  microsecond  period,  instruction  execution  times  vary  between 
4  8  and  9  6  microseconds 

All  2650  signals  are  TTL  compatible 

THE  2650  CPU  LOGIC 

The  2650  CPU  has  a  typical  microcomputer  organization.  The  Arithmetic  and  Logic 
Unit,  the  Control  Unit  and  programmable  registers  are  all  implemented  on  the 
2650  CPU. 

The  additions  and  omissions  shown  in  Figure  10-1,  as  compared  to  typical  CPU 
logic,  need  some  preliminary  explanation. 

Although  the  2650  has  just  one  interrupt  request  line  and  one  interrupt  acknowledge 
line,  CPU  logic  allows  every  interrupting  device  to  force  a  vectored  branch  to  its  own, 
unique  interrupt  service  routine;  for  this  reason,  logic  to  handle  interrupt  requests  is 
shown  as  an  integral  part  of  CPU  chip  logic- 
Standard  ROM  and  RAM  devices  c'an  be  connected  directly  to  2650  bus  lines, 
therefore,  the  2650  is  shown  as  providing  complete  memory  interface  logic  Note, 
however,  that  TTL  load  levels  will  almost  certainly  require  that  signal  buffer  amplifiers 
interface  memory  devices  to  the  2650  CPU. 

I/O  port  interface  logic  is  shown. as  only  partially  implemented  on  the  2650  CPU  chip.  A 
2650-based  microcomputer  system  with  one  or  two  I/O  ports  will  require  no  special  I/O 
port  logic;  control  signals  allow  the  Data  Bus  to  be  used  either  as  a  conduit  to  external 
devices  or  to  memory.  But  if  a  2650-based  microcomputer  system  has  more  than  two 
separately  addressable  I/O  ports,  external  I/O  port  select  logic  must  be  added. 


10-1 


^ .h n 

lr 

.'"■■                '' 

■o 
c 

Memory 
s  Control 
ogtc 

§  5 

w 

'    1   £: 

S      <D 

^P 

■U  i^ 

<  <» 

"D      (D 

o  -x 


f  •§>: 


." 

t? 

£■•• 

O 

1  g> 

o 

E 

£   S 

5  t 

2 

> 

c 

~~~~" 

2  -E 

O  x> 

OC     C 

ro 

3 

u 


Q. 

E 
o 


10-2 


Figure  10-1  excludes  clock  logic  from  the  CPU  chip.  The  2650  CPU  does  indeed  require 
external  logic  to  create  its  clock  signal;  however,  a  single  TTL  level  clock  signal  with 
relatively  lax  tolerances  is  required;  therefore,  external  generation  of  the  clock  signal 
will  be  both  inexpensive  and  free  of  problems 

2650  PROGRAMMABLE  REGISTERS 

In  addition  to  a  15-bit  Program  Counter,  the  2650  has  seven  8-bit  programmable 
registers  which  may  be  illustrated  as  follows: 


B  Register 
Bank  selected 


A  Register    - 
Bank  selected 


R1A 
R2A 
R3A 

IT"   8  bits      Tro 

Primary  Accumulator 

8  bits 

8  bits 

R1B 

8  bits 

8  bits 

R2B 

8  bits 

8  bits 

R3B 

Register 
Bank  A 

Register 
Bank  B 

Six  Secondary  Accumulators/Index  Registers 
Provided  by  Register  Banks  A  and  B 


R0  is  a  primary  Accumulator.  This  register  is  always  ac- 
cessible. 


2650 
ACCUMULATOR 


2650  INDEX 
REGISTERS 


The  remaining   six   8-bit  registers  form  two   3-register 

banks.  A  status  bit  (which  will  be  described  later)  is  used  to 

identify  one  of  the  two  register  banks  as  accessible  at  any 

given  time.  Thus,  depending  on  the  status  bit  setting.  Registers  RO,  R1  A,  R2A  and  R3A. 

may  be  accessible,  or  else  Registers  RO,  R1B,  R2B  and  R3B  may  be  accessible. 

The  six  secondary  registers  serve  as  both  secondary  Accumulators  and  Index 
registers.  The  2650  has  no  Data  Counters,  as  do  most  microcomputers;  rather,  it  uses 
the  minicomputer  philosophy  of  adding  an  index,  out  of  an  Index  register,  to  a  memory 
address  which  is  computed  from  information  provided  by  every  Memory  Reference  in- 
struction. 

The  Program  Counter  is  15  bits  wide;  therefore  up  to  32,768 
bytes  of  memory  may  be  addressed  in  the  normal  course  of 
events. 


2650  PROGRAM 
COUNTER 
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The  two  high  order  bits  of  the  Program  Counter  represent 
page  select  bits/2650  memory  is  divided  into  four  pages  with 
8192  bytes  of  memory  per  page;  this  scheme  is  illustrated  as 
follows: 

Program  Counter 
14  13  12  11  10    9    8    7   6    5    4    3    2    1     0  -** •■  Bit  No. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


2650  MEMORY 
PAGES 


-{ 


A 


Memory 
MEMORY       Address 


-< 


*{ 


Page  Select 


Address  within  page 


3 


1FFF 
2000 


3FFF 
4000 


5FFF 
6000 


Pages  are  selected  by  Branch  instructions;  but  we  will  defer  to  the  discussion  of  ad- 
dressing modes  a  description  of  how  this  is  done. 

The  2650  has  a  primitive  Stack,  implemented  on  the  CPU  |  2650  STACK  I 

chip,  this  Stack  is  eight  addresses  deep,  and  its  use  is  limited  '  I 

to  storing  subroutine  return  addresses  and  interrupt  return  addresses.  Subroutines  and 
interrupts  may  therefore  be  combined  to  a  nested  level  of  eight  There  are  no  Push  and 
Pop  type  instructions,  and  the  Stack  is  indexed  via  three  bits  of  a  Status  register. 

THE  2650  MEMORY  ADDRESSING  MODES 

The  2650  has  the  most  extensive  and  versatile  range  of  addressing  modes  of  an/ 
microcomputer  described  in  this  book  —  with  the  possible  exception  of  the 
MCS6500  series  microprocessors. 

Primary  and  secondary  memory  referencing  instructions  each  provide  two  sets  of 
addressing  options,  one  based  on  program  relative  addressing  and  a  two-byte  in- 
struction code,  the  other  based  on  direct  addressing  and  a  three  byte  instruction 
code.  These  options  are  referred  to  in  Table  10-1  as  the  program  relative  address- 
ing options  and  the  extended  addressing  options. 
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Instructions  with  program  relative  addressing  options  have 
the  following  object  code: 


have 

2650 

PROGRAM 

RELATIVE 

-Byte  No. 

ADDRESSING 

•Bit  No. 

OPTIONS 

•7-bit,  signed  binary  displacement  (-64  to 
+  63)  which  is  added  to  PC  contents 
■Indirect  bit.  If  1,  program  relative, 
indirect  addressing  is  specified;  if  0, 
direct  program  relative  addressing  is 
specified. 

One  of  four  registers  selected  as 
source  or  destination  of  memory 
reference  operation.  The  four  registers  are 
R0,  R1A  or  R1B.R3A  or  R3B. 
Instruction  operation  code. 


In  the  above  illustration,  the  second  byte  of  the  instruction  code  provides  a  program 
relative  displacement  in  the  range  +63  to  -64.  The  displacement  is  provided  as  a  7-bit 
signed  binary  number,  bit  6  is  treated  as  the  sign  bit.  The  high  order  bit  of  the  displace- 
ment byte  specifies  direct  or  indirect  addressing. 

If  direct,  program  relative  addressing  is  specified,  then  the  effective  memory  address  is 
created  by  adding  the  7-bit  signed  binary  displacement  to  the  Program  Counter  con- 
tents —  after  the  Program  Counter  contents  have  been  incremented.  Direct  and  in- 
direct program  relative  addressing  have  be,en  described  in  Volume  I,  Chapter  6;  2650 
program  relative  addressing  differs  only  in  the  shorter  displacement  which  is  allowed. 

If  we  are  to  relate  the  2650  to  our  hypothetical  microcomputer  of  Volume  I  Chapter  7, 
or  to  any  of  the  other  microcomputers  described  in  this  book,  then  the  task  of  specify- 
ing direct  or  indirect  addressing  should  fall  to  a  bit  within  the  first  object  program  byte; 
the  fact  that  the  2650  uses  a  bit  of  the  displacement  byte  to  specify  direct  or  indirect 
addressing  means  that,  in  effect,  the  2650  instruction  set  has  more  than  2.56  object 
code  options  available  to  it,  This  feature  of  the  2650  allows  it  to  have  a  much  more 
powerful  instruction  set  —  in  the  minicomputer  sense  of  the  word  —  than  any  of  the 
other  devices  described  in  this  chapter. 

In  all  probability,  indirect,  program  relative  addressing  will  be  more  commonly  used 
than  direct,  program  relative  addressing  This  is  because  microcomputer  programs 
usually  reside  in  read-only  memory.  If  direct  program  relative  addressing  is  used,  then 
data  bytes  must  be  located  within  64  bytes  of  the  memory  reference  instruction.  That 
excludes  having  instructions  in  ROM  and  data  in  RAM;  therefore,  only  unalterable  cons- 
tants can  be  addressed  using  program  relative  direct  addressing 
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Addressing  range,  all  likely 
to  be  within  one  ROM  chip 


XXXX-4016 


PROGRAM 
MEMORY 


Program  relative,  memory 
reference  instruction  here 


H  XXXX  +  3F16     1f 

Indirect,  program  relative  addressing,  on  the  other  hand,  only  requires  memory  ad- 
dresses to  be  positioned  within  64  bytes  of  the  memory  reference  instruction;  this  is  il- 
lustrated as  follows,  using  arbitrary  memory  addresses  to  make  the  illustration  easier  to 
understand: 


ROM 


Memory 


RAM 


ddress 

ROM 

| 

0410 

0411 

Memory  reference  instruction  code 

0412 

Displacement—  +2A^g 

! 

0413  +  002A  =043D                  v 

043B 

] 

043C 

043D 

21 

1  -                        i 

043E 

7A 

J  > 

043F 

2178 

2179 

217A 

217B 

217C 
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Extended  addressing  options  of  the  2650  microcomputer 
may  be  illustrated  as  follows: 


2650 

EXTENDED 
ADDRESSING 
OPTIONS 


Byte  No. 


7  6    5 

mi 

4    3    2    10 

Mill 

D  I.I  I  I  I  I  I  I  Ml  I  I  I  I  I  II 


13-bit  direct  address 

00  No  indexed  addressing 

01  Index  with  auto-increment 

10  Index  with  auto-decrement 

1 1  Simple  indexed  addressing 

0  Direct  addressing 

1  Indirect  addressing 
If  indexing  is  specified,  post- 
indexed,  indirect  addressing  occurs 

00  Register  RO 

01  Register  R1A  or  R1B 

10  Register  R2A  or  R2B 

1 1  Register  R3A  or  R3B 
This  is  the  source/destination  register, 
if  direct  addressing  is  specified. 
This  is  the  Index  register,  and  RO  is  the 
source/  destination,  if  indexed 
addressing  is  specified. 

•  Instruction  operation  code 


All  of  the  addressing  options  illustrated  above  have  been  described  in  Volume  I, 
Chapter  6.  To  summarize,  however,  these  are  the  addressing  combinations  which 
are  allowed: 

Direct  addressing  (absolute  or  program  relative) 

Direct  indexed  addressing 

Direct  indexed  addressing  with  auto-increment 

Direct  indexed  addressing  with  auto-decrement 

Indirect  addressing 

Indirect  addressing  with  post-index 

Indirect  addressing  with  post-index  and  auto-increment 

Indirect  addressing  with  post-index  and  auto-decrement 

There  is  a  small  difference  between  indexed  addressing,  as  described  in  Volume  I, 
Chapter  6,  and  indexed  addressing,  as  implemented  by  the  2650.  The  2650  memo- 
ry reference  instructions  provide  a  1 3-bit  absolute  address,  which  represent  the  full  ad- 
dressing range  of  any  memory  bank;  an  8-bit  index  value  is  added  to  this  displacement, 
as  follows: 

2    1     0    "*        "Bit  No- 

\  «m  Address  Provided  By  Instruction 


12  11  10  9 

mm 


8    7   6    5    4    3 


H 


76543210"* Bit  No 

||      |      |      |      |      |      |T^ ,ndex  agister 

Effective  address  -  13-bit  absolute  address  +8-bit -index 
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If  you  are  not  clear  on  the  difference  between  pre-indexed  indirect  addressing  and  post- 
indexed  indirect  addressing,  refer  again'  to  Chapter  6,  Volume  I.  before  proceeding  with 
this  discussion  of  the  2650  microcomputer 

The  fact  that  the  2650  has  a  13-bit  absolute  address  and  an  8-bit  index  means  that 
post-indexed,  indirect  addressing  is  very  viable  The  13-bit  absolute  address  identifies 
the  memory  location,  anywhere  within  an  8192-byte  program  page,  where  an  indirect 
address  will  be  found.  The  indirect  address  becomes  the  base  of  a  256-byte  table  which 
may  be  indexed  via  any  one  of  the  six  Index  registers  The  Index  register  contents  are 
treated  as  an  unsigned,  binary  number 

Now  look  again  at  indexed  addressing  the  way  it  is  in  most  microcomputers,  and  the 

way  it  is  described  in  Chapter  6,  Volume  I.  A  16-bit  Index  register  indexes  tables  that 
are  up  to  65.536  bytes  in  length,  and  that  is  clearly  ridiculous  in  microcomputers.  The 
usual  programming  procedure,  when  using  microcomputers  that  have  a  16-bit  Index 
register,  is  to  use  only  the  low  order  byte  of  the  Index  register  for  indexing.  The  base  ad- 
dress is  created  out  of  the  high  order  b,yte  of  the  Index  register,  plus  the  displacement: 


Index, 


Index,  register 


Displacement 


Base  Address 


If  the  base  address  is  created  half  out  of  an  Index  register  and  half  out  of  a  displace 
ment,  then  clearly  post-index  indirect  addressing  is  impossible. 

Any  minicomputer  programmer  will  attest  to  the  fact  that  post-indexed,  indirect  ad 
dressing  is  far  more  useful  than  pre-indexed,  indirect  addressing. 
The  2650  has  a  wide  variety  of  Branch  and  Branchon-Con- 
dition  instructions,  which  have  the  following  object  code 
and  format: 


2650 
BRANCH 
INSTRUCTION 
ADDRESSING 


-Byte  No 


7   6    5    4    3    2     10         76543210         7    6    5432    1    0  -^ Bit  No 

ll  I  I  I  I  I  um  i  i  I  i  i  iii  n  i  i  i  i 


-  15-bit  direct  addraw 

-  0  Direct  add  rowing 

1 1ndirect  addressing 

-  Absolute  Branch  and  Jump  instruction  interpret 
these  two  bits  as  identifying  an  Index  register,  as 
described  for  bits  5  and  6,  Byte  1  of  Extended 
Memory  Reference  instruction  addressing.  Con- 
ditional Branch  and  Jump  instructions  interpret 
these  two  bits  as  identifying  the  test  conditions. 

-  Instruction  operation  code 
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Most  2650  Jump  and  Branch  instructions  are  conditional;  that  means  that  only 
direct  or  indirect  addressing  may  be  used. 

Notice  that  the  branch  direct  address  is  15  bits  wide.  Therefore,  a  Branch  instruc- 
tion may  reference  any  byte  within  the  maximum  32K-byte  memory  allowed  by 
the  2650.  


Branch  instructions  are,  in  fact,  the  means  provided  by  the         2650 

2650  microcomputer  to  select  a  page  of  memory.  The  two         MEMORY  PAGE 

high  order  bits  of  a  Branch  instruction's  direct  address  select         SELECTION 

an  8K-byte  memory  bank,  which  remain  selected  until  another 

Branch  instruction  modifies  the.  selection. 

The  2650  has  two  unconditional  Branch  instructions.  These  instructions  also  have  a  1 5- 

bit  direct  address;  therefore,  they  also  select  a  memory  page.  In  additionjo  allowing 

direct  or  indirect  addressing,  these  two  instructions  allow  indexed  addressing  to  be 

specified,  as  described  for  the  extended  addressing  options. 

Since  Branch  instructions  specify  a  15-bit  direct  address,  in  the  vast  majority  of  cases 
simple  direct  addressing  will  be  used  Indexed  addressing  will  be  valuable  only  in 
special  logic  sequences  —  such  as  branch  tables.  Branch  instructions  with  indirect  ad- 
dressing will  rarely  have  any  justifiable  value 

Conditional  Branch  instructions  use  bits  0  and  1  of  byte  0  to  determine  if  a  test  condi- 
tion has  been  met  The  way  in  which  these  two  bits  are  used  is  discussed  below,  along 
with  the  description  of  2650  Status  registers 

THE  2650  STATUS  FLAGS 

The  2650  microcomputer  has  two  8-bit  Status  registers  as  follows: 


\As/ 


Bit  No. 

Upper  Program  Status  Word  (PSU) 


CC1      CCO       IDC        RS       WC 


-Bit  No. 

-Lower  Program  Status  Word  (PSL) 


S  and  F  represent  a  Sense  Input  bit  and  a  Flag  Output  bit  both  of  which  are  con- 
nected directly  to  two  CPU  device  pins.  These  two  bits  allow  one  input  and  one  output 
signal  to  directly  interface  external  devices  to  the  CPU,  under  program  control, 

The  Interrupt  Inhibit  bit  is  the  master  interrupt  enable-disable  flag  for  the  2650 
microcomputer  system. 

SPO,  SP1  and  SP2  constitute  a  3-bit  Stack  Pointer.  Recall  that  the  2650  has  a  Stack 
eight  addresses  deep,  the  current  top-of-Stack  is  addressed  by  this  3-bit  Stack  Pointer. 

The  two  Condition  Codes  CCO  and  CC1  report  the  condition  of  a  data  byte  as  zero, 
positive  or  negative.  The  zero  condition  represents  a  byte  containing  eight  binary 
zeros  The  positive  condition  represent  a  byte  with  0  in  the  high  order  bit.  The  negative 
condition  represents  a  byte  with  1  in  the  high  order  bit.  These  Condition  Codes  are  set 
following  the  execution  of  any  instruction  which  loads  a  byte  of  data  into  a  register,  or 
modifies  the  register's  contents  These  two  Condition  bits  represent  a  minor  variation  of 
the  more  common  technique,  which  is  for  a  conditional  instruction  to  test  a  register's 
contents  directly,  at  the  time  the  conditional  instruction  is  executed. 

IDC  is  a  standard  intermediate  Carry  bit. 

O,  the  Overflow  bit,  and  C,  the  Carry/Borrow  bit,  are  standard  Overflow  and  Carry 
statuses  as  described  in  Volume  I,  Chapter  2. 
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SENSE  ' 
A12  - 
AM  ■ 
A10 
A9 
A8 
A7  ' 
A6  ' 
A5  " 
A4  ' 
A3  ' 
'  A2  " 
A1   ' 

AO    ' 

ADREN  * 

RESET  ■ 

INTREQ  - 

A14-D/C - 

A13-E/NE - 

M/IO  - 


2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

9 

20 


40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 


Pin  Name 

Description 

Type 

*A0-A12 

Address  Bus  lines 

Output 

•A13-A14 

Page  Select  lines 

Output 

•D0-D7 

Data  Bus  lines 

Bidirectional 

♦SENSE 

Control  input 

Input 

*FLAG 

Control  output 

Output 

*ADREN 

Address  Bus  float 
Data  Bus  float 

Input 

*DBUS£N 

Input 

♦RESET 

Reset 

Input 

*D/C 

Data/Control  output 

Output 

*M/IO 

Memory/10  Reference 

Output 

+R/W 

Read /Write 

Output 

♦OPREQ 

Operation  Request 

Output 

•OPACK 

Operation  Acknowledge 

Input 

*E/NE 

I/O  Instruction  length 

Output 

♦WRP 

Write  Pulse 

Output 

*!NTREQ 

Interrupt  Request 

Input 

♦INTACK 

Interrupt  Acknowledge 

Output 

•RUN/WAIT 

Run  status 

Output 

•PAUSE 

Wait 

Input 

CLOCK 

Timing 

Input 

VCC  GND 

Power  and  Ground 

♦These  signals  become  the  System  Bus. 

Figure  10-2.  2650  CPU  Signals  And  Pin  Assignments 
RS,  the  Register  Bank  Select  bit,  is  used  to  select  R1A,  R2A  and  R3A,  or  RIB,  R2B 
and  R3B  as  the  three  currently  selected  Accumulator/Index  registers  bank. 
Recall  that  addition,  subtraction,  shift  and  rotate  instructions  optionally  may  or 
may  not  include  the  Carry  status;  in  other  words  a  microcomputer  may  have  an 
Add-with-Carry  or  an  Addwithout-Carry  instruction;  it  may  have  a  Rotate-simple 
or  a  Rotate-through-Carry  instruction.  The  WC  bit  specifies  whether  the  Carry  will 
or  will  not  be  included  irt  2650  instructions  of  this  type.  If  the  C  status  is  included 
in  a  rotate,  the  IDC  status  will  also  be  included,  operating  as  a  branch  carry  out  of 
bit  3.  This  is  a  unique  2650  feature. 

The  Compare  status  determines  whether  Compare  instructions  will  treat  data  as 
signed  or  unsigned  binary  numbers.  Consider  an  instruction  which  compares  the  con- 
tents of  Register  R0  with  the  contents  of  a  memory  byte  Clearly  the  result  of  the  com- 
parison will  differ  significantly,  depending  on  whether  the  high  order  bit  of  each  byte  is 
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being  interpreted  as  a  sign  bit,  or  whether  positive  numbers  only  are  being  compared.  If 
the  COM  status  flag  is  set  to  I,  the  two  bytes  are  assumed  to  be  positive  numbers  If  the 
COM  status  is  set  to  0,  the  two  bytes  will  be  assumed  to  contain  signed  binary  num- 
bers 

The  WC  and  COM  statuses  of  the  2650  microcomputer  are  very  powerful 
features;  their  significance  is  that  they  double  the  available  number  of  Arithmetic 
and  Compare  instructions,  respectively,  without  increasing  the  number  of  instruc- 
tion object  codes. 

THE  2650  CPU  PINS  AND  SIGNALS 

The  2650  CPU  pins  and  signals  are  illustrated  in  Figure  10-2.  A  description  of 
these  signals  will  highlight  the  underlying  philosophy,  of  the  2650  chip 
design:  that  this  device  should  be  used  with  standard  off-the-shelf  TTL  logic, 
rather  than  requiring  a  family  of  support  devices.  There  are  applications  where  the 
Signetics  philosophy  is  viable  and  will  work;  there  are  other  applications  where 
the  specialized  devices  provided  by  other  microcomputer  systems  cannot  be 
reproduced  at  equivalently  low  cost. 

The  Address  Bus  is  13  lines  wide;  it  is  used  to  address  a  single  byte  within  8192 
bytes  of  memory.  The  low  order  eight  address  lines  may  also  be  used  to  address  an  ex- 
ternal device 

A13  and  14  are  page  select  lines.  As  described  in  the  discussion  of  addressing 
modes,  only  Branch  instructions  provide  15-bit  memory  addresses  When  a  Branch  in- 
struction is  executed,  the  two  high  order  bits  of  the  address,  output  on  pins  18  and  19. 
are  used  by  external  memory  to  select  or  deselect  8K  memory  pages  Subsequent 
memory  reference  instructions  that  provide  only  a  1 3-bit  memory  address  will  reference 
the  most  recently  selected  8K  memory  bank.  This  may  be  illustrated  as  follows: 


A12 
A11 
A10 
A9 
A8 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

A14 


General 
►  Address 
Bus 


Page  0  select 


Page  1  select 


Page  2  select 


These  selects  must  be  buffered 
-  since  the  A13  and  A14  pins  are 
shared  with  control  signals 


Page  3  select 
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Slow0-:"""  °f  ^  265°  microcomputer  ™V  be  Q^oped  into  categories  as 

1)  CPU  execution  control. 

2)  Data  and  Address  Bus  access  control. 

3)  Data  and  Address  Bus  contents  identification. 

4)  Interrupt  processing. 

5.)     Direct  external  device  interface. 

CPU  execution  control  signals,   being  of  primary  impor- 
tance, will  be  discussed  first 


2650  CPU 
EXECUTION 
CONTROL 
SIGNALS 


CLOCK  is  the  master  timing  signal  required  by  the  2650 
CPU.  Depending  upon  the  way  in  which  external  logic  is  im- 
plemented, CLOCK  may  or  may  not  be  needed  by  other  devices 

that  surround  the  2650.  m  most  cases  CLOCK  will  not  be  needed  by  other  devices 
since  system  control  will  normally  be  handled  by  2650  control  inputs  and  outputf 
RESET  is  the  master  reset  input  which  every  microcomputer  has.  As  is  standard  for 
mos  microcomputers,  when  the  CPU  is  reset  the  Program  Counter  is  cleared,  with  the 
result  hat  the  instruction  stored  in  memory  location  0  is  executed.  The  CPU  win 
typically  be  reset  when  first  powered  up 

PAUSE  causes  the  CPU  to  enter  a  Wait  state.  PAUSE  is  an  input  s,gnal  which  may 

nrrpf  h  tkX  hT  Ct  ^^  aCCeSS  '°9IC  t0  St°P  the  CPU  while  ™™ry  is  bK 

accessed.  The  Halt  mstruct.on  also  causes  the  CPU  to  enter  the  Wait  state  A  Wait  state 

will  be  terminated  by  a  Reset  or  by  external  logic  removing  its  PAUSE  input 

There  are  two  bus  access  control  signals  on  the  2650 

DBUSEN  and  ADREN;  these  two  signals  float  the  Data  and 

Address  Busses,  respectively.  Observe  that  on  the  Address 

Bus.  only  the  13  Address  Bus  lines  AO  -  A12  are  floated    the 

two  page  select  lines  A13  and  A14  are  not  floated 

The  most  interesting  feature  of  2650  control  signals  is  the 

scheme  employed  for  identifying  events  on  the  Data  and 

Address  Busses. 


2650  BUS 
ACCESS  CONTROL 
SIGNALS 


2650  BUS 
CONTENTS 
IDENTIFICATION 
SIGNALS 


The  inception  of  any  operation  which  will  involve  external 
devices  is  identified  by  OPREQ  going  high. 

Normally  the  first  step  in  any  operation  that  involves  external  logic  is  for  an  address  to 

MohU^°n  thetAdtd:eS?  ^  ,f  mem°rV  "  being  acCes •*'  ^n  m!  is  output 
high.  R/W  ,s  output  h.gh  to  identify  a  write  operation  or  low  to  identify  a  read 

rTuTs rfs£F low"  li^KTK  ■  haSHreSp0nded  !°  the  ™™ry  read  or  write  operation,  it 
inputs  OPACK  low  If  OPACK  low  does  not  arrive  in  time  for  the  CPU  to  continue  pro- 
cessing the  current  instruction  at  Jhenext  clock  cycle,  then  the  CPU  temporarily  enters 
theWa.t  state  and  outputs  RUN/WAIT  low  to  indicate  this  condition  NoTa  Lon  a 
OPACK  ,s  input  low,  the  Wait  state  will  end  and  the  CPU  will  continue  execution. 
The  CPU  will  also  output  a  write  strobe,  WRP,  when  writing  to  memory  This 
strobe  is  output  when  data  is  steady  on  the  Data  Bus. 

When  an  I/O  device  is  being  accessed  by  one  of  the  I/O  instructions,  M/i5  is  out- 
put low.  You  will  see  in  Table  10-1  that  the  2650  instruction  set  includes  two  sets  of 
/O  instructions;  one  set  does  not  identify  an  I/O  port,  and  has  a  one-byte  object  code 
he  other  set  identifies  an  I/O  port  via  a  second  byte  of  object  code  Let  us  assume Sai 
the  short  I/O  instructions  will  always  reference  I/O  Port  0,  while  the  long  I/O  mst me- 
lons wi>>  specify  one  of  256  I/O  ports.  The  E/NE  signal,  if  low,  identif.es  ash  O  - 
struct.on   therefore  an  instruction  which  accesses  I/O  Port  0;  if  high,  this  signal  indi- 

Ztt       h    h  °ZT  C°n,tentS  °f  the  !°W  °rder  8  address  lines  stains  an  I/O  por  ad- 
dress,  and  should  be  so  decoded  M 


3 
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Once  an  I/O  port  has  been  selected,  and  external  logic  knows  from  the  M/IO  and 
E/NE  controls  which  I/O  port  is  selected,  I/O  logic  needs  to  know  whether  an  input  or 
output  I/O  operation  is  to  occur,  and  whether  data  or  control/status  information  is  to  be 
transmitted.  (Volume J,  Chapter  5  discusses  at  length  the  difference  between  data,  con- 
trols and  status.)  The  R/W  control  indicates  whether  data  is  being  transmitted  from  the 
CPU  to  external  devices,  or  whether  external  devices  are  supposed  to  transmit  data  to 
the  CPU,  then  D/C  identifies  the  output  as  either  data  or  control  information-  Conver- 
sely, when  R/W  identifies  the  CPU  as  requiring  input  from  an  I/O  device,  D/C  indicates 
whether  the  input  should  be  data  or  status 

When  external  device  logic  responds  to  the  I/O  request,  it  concludes  by  inputting 
OPACK  low.  Figure  10-3  illustrates  how  control  signals  may  be  used  to  interpret 
events  on  the  Address  and  Data  Busses 
2650  interrupt  handling  is  very  straightforward.  An  inter- 
rupt is  requested  by  setting  INTREQ  low.  The  interrupt  is 
acknowledged  by  the  CPU  outputting  INACK  high. 

The  SENSE  and  FLAG  signals  allow  the  2650  to  directly 
control  external  devices.  The  condition  of  a  SENSE  input  is 
immediately  translated  into  a  0  or  1  within  the  Sense  bit  of  the 
2650  Status  register.  A  0  or  1  in  the  Flag  bit  of  the  2650  Status 
register  is  immediately  reflected  by  a  low  or  high  signal  output 
at  the  Flag  pin 


2650 

INTERRUPT 
CONTROL 
SIGNALS 


2650 

EXTERNAL 

DEVICE 

CONTROL 

SIGNALS 


INTERFACING  MEMORY  TO  THE  2650 
MICROCOMPUTER 

Given  the  wealth  of  control  signals  provided  by  the  2650  microcomputer,  most 
types  of  memory  can  be  interfaced  with  very  little  difficulty.  The  only  peculiarities 
of  the  2650  which  external  logic  must  be  able  to  cope  with  is  the  fact  that  memory  is 
paged  into  8192-byte  pages  Any  memory  device  whose  addressing  range  is  smaller 
than  a  page  must  have  select  logic  which  takes  into  account  not  only  high  order  ad- 
dress lines  on  the  13-line  Address  Bus  but  in  addition,  the  two  page  select  lines.  The 
two  page  select  lines  change  status  occasionally,  when  a  new  page  is  being  selected; 
page  select  must  be  stored  in  an  externa!  buffer 

INTERFACING  I/O  DEVICES  TO  THE  2650 
MICROCOMPUTER 

The  simplest  way  of  interfacing  external  devices  to  the  2650  microcomputer  is  to 
use  the  microcomputer's  I/O  instructions,  plus  the  control  signals  which  identify 
I/O  operations. 

A  very  small  microcomputer  system  may  only  have  one  I/O  port.  In  this  case  the  I/O 
port  can  connect  directly  to  the  Data  Bus  and  can  always  consider  itself  selected  A 
larger  system  may  have  up_to  256  8-bit  ports,  with  select  lines  that  simply  connect  to 
the  Data  Bus  and  use  E/NE  as  a  select  enable  signal 

THE  2650  MICROCOMPUTER  INTERRUPT  PROCESS 

The  2650  has  a  single  interrupt  request  line  and  a  single  interrupt  acknowledge 
line.  Interrupt  priorities  will  therefore  be  handled  via  a  daisy  chain. 
When  the  CPU  acknowledges  an  interrupt,  first  it  disables  all  further  interrupts. 
Next,  it  pushes  the  contents  of  the  Program  Counter  onto  the  address  Stack  and 
zeros  the  Program  Counter. 

The  CPU  will  now  insert  the  first  byte  of  a  ZBSR  instruction  code  into  the  Instruc- 
tion register;  this  instruction  code  is  a  Branch-to-Subroutine  using  program  rela- 
tive addressing.  The  interrupting  device  must  submit  a  byte  of  data  on  the  Data 
Bus,  which  will  be  interpreted  as  the  second  byte  of  the  ZBSR  instruction. 
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OPREQ      1 

The  next  two  clock 

periods  require 

memory  or  !/0  access 


M/IO      1 
Memory  is  referenced 
A  memory  address  is 
on  the  Address  Bus 


3_ 


M/IO      0 
An  i/O  device 
is  referenced 


R/W      0 

Transmit  data 

on  the  Data  Bus 

to  the  CPU 


R/W      1 
Write  data  on 
Data  Bus  into 

memory 


E/NE      0 
A  one-byte  I/O 
instruction,  I/O 
port  0  is  selected 


E/NE      1 

Read  I/O  port  number 

off  the  low  order  eight 

Address  Bus  lines 


R/W      0 

Transmit  a  byte 

on  the  Data  Bus 

to  the  CPU 


D/C      0 

Transmit 
Status 


R/W      1 

Receive  a  byte 

output  by  the  CPU 

on  the  Data  Bus 


D/C  0 
Receive 
Control 


D/C      1 
Transmit 

Data 


At  conclusion  of  oper- 
ation  input  OPACK  low; 
otherwise  CPU  will  enter 
WAIT  state  and  output 
RUN/WAIT      0 


D/C      1 

Receive 

Data 


Figure  10-3.  How  Control  Signals  Identify  Address  And  Data  Bus  Use  For  The  2650 

Microcomputer 
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Look  again  at  the  discussion  of  2650  addressing  modes  and  you  will  see  that  with  the 
Program  Counter  set  to  0  the  byte  of  data  input  by  the  interrupting  device  becomes  a 
displacement  vector 

Assume  that  each  externa!  device  has  the  beginning  address  of  its  interrupt  service 
routine  stored  somewhere  within  the  first  64  bytes  of  the  zero  memory  page  The  inter- 
rupting device  must  input  the  following  byte  of  data 

7   6    5    4    3    2    10 

rm 


Six -bit  device  select  code;  must  be  twice  the  device  number, 
since  two  bytes  will  be  needed  for  each  device  address. 
Must  be  0  since  only  positive  displacements  from  memory  loca- 
tion 0  are  being  used,  (Negative  values,  with  addressing  the  top 
64  bytes  of  memory  also  feasible.) 
indirect  addressing  must  be  specified 

This  byte  of  data  causes  an  indirect  program  relative  jump  to  the  interrupting  device's 
interrupt  service  routine,  as  follows: 


7   6    5 

mm 


4    3    2    10" 


MM 


Displacement  of 
1A^  is  specified 


Indirect  addressing 
specified 


r 


i 


Memory 
Address 

PROGRAM 
MEMORY 

I 

0000 

0001 

0002 

1 

001A 

0A 

001B 

4A 

001C 

001D 

001E 

001F 

Program  execution  continues 
with  instruction  stored  in 
memory  location  OAAA^q 

2650  MICROCOMPUTER  DIRECT  MEMORY  ACCESS 

Direct  memory  access  on  a  2650  system  is  left  up  to  external  logic.  Two  schemes 
are  possible. 


External  logic  may  stop  the  CPU,  using  the  PAUSE  input,  and  while  the  CPU  is  dis- 
abled, external  logic  may  take  control  of  Data  and  Address  Busses  to  access 
memory  in  any  way. 

Alternatively,  DMA  logic  may  be  implemented  to  operate  in  parallel  with  the  CPU. 

The  2650  has  periods  when  both  the  Data  Bus  andvthe  Address  Bus  are  floated.  Han- 
dling DMA  in  parallel  with  normal  instruction  execution  is  made  possible  if  you  com- 
bine the  OPREQ  and  OPACK  handshake  signals  with  normal  timing  sequences. 

THE  2650  MICROCOMPUTER  INSTRUCTION  SET 

The  2650  microcomputer  instruction  set  is  the  most  minicomputer-like  of  the 
microcomputers  discussed  in  this  book.  It  is  particularly  rich  in  addressing  modes 
and  memory  reference  instructions.  The  instruction  set  is  listed  in  Table  10-1. 

Memory  reference  instructions  are  shown  as  offering  program  relative  addressing  op- 
tions, or  extended  addressing  options.  See  the  discussion  of  2650  addressing  options 
for  a  definition  of  these  terms. 
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Note  that  in  the  statuses  column,  CC  identifies  the  CCO  and  CC1  statuses  These  two 
statuses  are  used  to  test  for  a  zero,  positive  or  negative  branch  condition;  these  two 
statuses  are  described  along  with  the  2650  Status  registers. 

The  TMI  immediate  Operate  instruction  compares  a  register's  contents  with  a  mask  pro- 

^  fV  the'm"on  °Perand  This  instruction  allows  any  bit  combination  to  be 
tested  for,  in  any  CPU  register. 

The  Decimal  Adjust  (DAR)  instruction  of  the  2650  differs  from  the  instructions  with  the 
same  name  as  implemented  on  a  number  of  other  microcomputers.  The  Decimal  Adjust 
instruction  can  be  used  to  perform  binary  decimal  arithmetic.  Referring  to  the  discus- 
sion of  binary  decimal  arithmetic  given  in  Volume  I,  the  2650  DAR  instruction  performs 
btep  3  of  the  binary-coded-decimal  addition  operation  described  in  Chapter  3. 
THE  2650  BENCHMARK  PROGRAM 
This  is  how  the  2650  may  implement  our  benchmark  program: 

LODA.R1      TLENGTH  LOAD  DISPLACEMENT  TO  FIRST  FREE 

TABLE  BYTE 

LODA.R2      IOBFL  LOAD  I/O  BUFFER  FILLED  LENGTH 

LOOP         LODA,R0      'IOBUF.R2  LOAD  NEXT  I/O  BUFFER  BYTE 

STRA,R0      'TABLE.R1,  +       STORE  IN  TABLE.  AUTO-INCREMENT  R1 

BDRR.R2      LOOP  DECREMENT  R2.  RETURN  TO  LOOP  ON  NON- 

ZERO 

STRA.R1       TLENGTH  AT  END.  RESTORE  NEW  TABLE  LENGTH 

The  benchmark  program,  as  illustrated  for  the  2650,  assumes  that  both  the  data  table 
and  the  I/O  buffer  have  maximum  lengths  of  256  bytes. 

The  displacement  to  the  first  free  byte  of  the  data  table  is  stored  in  a  memory  location 
identified  by  the  label  TLENGTH.  Y  IUCdI,on 

1^?™**?™**  l/0  bUff6r  bVteS  iS  St0red  in  a  memory  location  identified  by  the 
abel  "OBFL  It  is  assumed  that  the  I/O  buffer  can  be  read  backwards;  in  other  words 
the  last  I/O  buffer  byte  becomes  the  first  byte  stored  in  the  permanent  data  table. 
The  instruction  with  label  LOOP  begins  by  loading  the  last  byte  in  the  I/O  buffer  usinq 
indirect  indexed  addressing  without  auto-increment  or  auto-decrement  Subsequently 
Index  Register  R2  is  decremented  and  if  it  does  not  decrement  to  0.  execution  returns  to 
the  instruction  labeled  LOOP.  I0 

The  instruction  which  stores  data  in  TABLE  uses  indirect  post-indexed  addressinq 
with  the  contents  of  the  Index  Register  R1  auto-incremented.  Thus,  at  the  conclusion  of 
TABLE  °Vement  lndGX  Re9lSter  R1  C°ntainS  the  disP'acement  to  the  next  free  byte  of 

Comparing  the  2650  benchmark  program  with  other  benchmark  programs  shown  in 
this  book  might  suggest  that  the  2650  has  the  shortest  and  therefore  the  fastest  and 
most  efficient  benchmark  program.  This  is  not  necessarily  the  case.  Certainly  the  2650 
instruction  set  provides  a  source  program  which  is  likely  to  be  shorter  than  any  other 
microcomputer's  source  program,  but  that  is  because  instructions  are  very  minicom- 
puter-like. The  number  of  bytes  required  to  implement  the  2650  object  program  and 
the  time  taken  to  execute  the  program,  may  bear  no  relationship  to  the  length  of  the 
source  program.  For  example,  the  program  loop,  although  it  contains  only  three  instruc- 
ts {LODA,  STRA  and  BDRR).  will  require  eight  bytes  of  object  program 
Once  again,  we  caution  against  drawing  fast  conclusions  from  benchmark  programs. 
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The  following  symbols  are  used  in  Table  10-1. 
*ADDR(X)        16-bit  extended  addressing  mode: 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  II 


*BADD 


*      (X)  ADDR 

I  for  indirection 

(X)  00  for  non-indexed 

01  for  indexed  with  auto-increment 
10  for  indexed  with  auto-decrement 

I I  for  indexed  only 

ADDR 

13-bit  .absolute  address 

16-bit  absolute  addressing  mode: 

II I  I  I  I  I  I  I  I  I  II 


C 
CC 


BADD 

*  is  1  for  indirection 

BADD 

is  a  15-bit  absolute  address 

Carry  status 

The  two  Condition  Code  bits  GC1  and  CC0 


m 

CC1      ceo 

CIDC 

The  Carry  and  Inter-Digit  Carry 

m 

C       IDC 

DATANE 

The  non-extended  data  port 

DATA2 

2-bit  data  unit 

DATA8 

8-bit  data  unit 

*DISP 

8-bit  relative  addressing  mode: 

MINIMI 

DISP 

is  1  for  indirection 
DISP       is  a  7-bit  signed  displacement 
EAA  Effective  address  generated  by  *BADD 

EAD  Effective  address  generated  by  *ADDR(X) 

EAR  PC  relative  address  generated  by  *DISP 

IDC  Inter-Digit  Carry  status 

O  Overflow  status 

P  An  8-bit  port  number 
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PC 

PSU  ' 

PSL 

r 

RAS(SP) 

RO 

SP 

Status  NE 

ZEA 

x<y,z> 

[] 


Program  Counter 

Upper  byte  of  Program  Status  Word 
Lower  byte  of  Program  Status  Word- 
One  of  the  seven  CPU  registers 

The  Return  Address  Stack  location  indicated  by  the  Stack  Pointer. 
Accumulator 
Stack  Pointer 

The  Non-Extended  status  port 
A  zero  page  relative  address  generated  by  DISP 

Bitsy  through  z  of  the  quantity  x;  for  example,  RO  <3,0>  represents  the 
lower  4  bits  of  the  Accumulator 

Contents  of  location  enclosed  within  brackets  If  a  register  designation  is 
enclosed  within  the  brackets,  then  the  designated  register's  contents  are 
specified.  If  an  I/O  port  number  is  enclosed  within  the  brackets,  then  the 
I/O  contents  are  specified-  If  a  memory  address  is  enclosed  within  the 
brackets,  then  the  contents  of  the  addressed  memory  location  are 
specified. 

Implied  memory  addressing;  the  contents  of  the  memory  location  desig- 
nated  by  the  contents  of  a  register, 
Logical  AND 
Logical  OR 
Logical  Exciusive-OR 
*~~  Data  is  transferred  in  the  direction  of  the  arrow 

*-       ►  Data  is  exchanged  between  the  two  locations  designated  on  either  side 

of  the  arrow: 

Under  the  heading  of  STATUSES  in  Table  10-1,  an  X  indicates  statuses  which  are 
modified  in  the  course  of  the  instruction's  execution  If  there  is  no  X,  it  means  that  the 
status  maintains  the  value  it  had  before  the  instruction  was  executed. 
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Tjie  following  symbols  are  used  in  Table  10-2 

aa  Two  bits  which,  in  conjunction  with  the  Register  Bank  Select  bit  in  the 

PSL,  choose  the  register 
b  One  bit  selecting  the  indirection  option 

cc  Two  bits  choosing  the  indexing  mode 

00  No  indexing 

01  Indexing  with  auto-increment 

10  Indexing  with  auto-decrement 

1 1  Indexing  only 
eeeeeee           7-bit  signed  address  displacement 
ff                      2-bit  test  value 

PP  8  bits  of  immediate  data 

q  One  bit  of  absolute  or  extended  address 

Q  One  byte  (8  bits)  of  absolute  or  extended  address 

Table  10-2    Signetics  2650  Instruction  Object  Codes 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES 

ADDA,r         *ADDR(X) 

100O1 1aa 

bccqqqqq 

QQ 

3 

4 

ADDl,r              DATA8 

100001aa 
pp 

2 

2 

ADDR,r            *DISP 

lOOOIOaa 

2 

3 

ADDZ,r 

100000aa 

1 

2 

ANDA,r        *ADDR(X) 

01001 1aa 

bccqqqqq 

QQ 

3 

4 

ANDI.r             DATA8 

010001aa 
PP 

2 

2 

ANDR.r            *DiSP 

010010aa 

2 

3 

ANDZ,r 

010000aa 

1 

2 

BCFA.DATA2  *BADD 

1001 1 1ff 

bqqqqqqq 

QQ 

3 

3 

BCFR.DATA2  *DISP 

1001  lOff 

2 

3 

BCTA.DATA2  -BADD 

00011  Iff 

bqqqqqqq 

QQ 

3 

3 

BCTR,DATA2.*DISP 

0001 10ff 

2 

3 

BDRA.r             *BADD 

111111aa 

bqqqqqqq 

QQ 

3 

3 

BDRR,r             *DISP 

1111 10aa 

2 

3 

BIRA.r               *BADD 

110111aa 

bqqqqqqq 

QQ 

3 

3 

BIRR,r               *D!SP 

1 101 10aa 

2 

'    I 
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Table  10-2,  Signetics  2650  instruction  Object  Codes  (Continued) 


MACHINEI 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES       I 

BRNA,r            *BADD 

0101 11aa 

bqqqqqqq 

QQ 

3 

3 

BRNR.r             *DISP 

0101 10aa 

2 

3 

BSFA,DATA2  *BADD 

1011 1  Iff 

bqqqqqqq 
QQ 

3 

3 

BSFR.DATA2  *DISP 

101 110ff 

2 

3 

BSNA.r             *BADD 

011111aa 

bqqqqqqq 

QQ. 

3 

3 

BSNR.r             *DISP 

011110aa 
beeeeeee 

2 

3 

BSTA,DATA2  *BADD 

001 11  Iff 

bqqqqqqq 

QQ 

3 

3 

BSTR.DATA2  *DISP 

oomoff 

2 

3 

BSXA              *BADD 

BF 

bqqqqqqq 

QQ 

3 

3 

BXA                *BADD 

9F 

bqqqqqqq 

QQ 

3 

3 

COMA,r          *ADDR(X) 

111011aa 

bccqqqqq 

QQ 

3 

4 

COMI.r            DATA8 

11100laa 
PP 

2 

2 

COMR,r           *DISP 

111010aa 
beeeeeee 

2 

3 

COMZ,r 

1 1 tOOOaa 

1 

2 

CPSL               DATA8 

75 
PP 

2 

3 

CPSU               DATA8 

74 
PP 

2 

3 

DAR.r 

100101aa 

1 

3 

EORA.r            *ADDR(X) 

00101 1aa 

bccqqqqq 

QQ 

3 

4 

EORI,r              DATA8 

OOlOOlaa 
PP 

2 

2 

EORR,r            *DISP 

001010aa 
beeeeeee 

2 

3 

EORZ,r 

OOlOOOaa 

1 

2 

HALT 

40 

1 

2 

IORA,r             *ADDR(X) 

011011aa 

bccqqqqq 

QQ 

3 

4 

IOR!,r               DATA8 

01100188 

PP 

2 

2 

IORR,r             *D!SP         1 

011010aa 
beeeeeee         ( 

2 

3 
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Table  10-2    Signetics  2650  Instruction  Object  Codes  (Continued) 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES 

IORZ,r 

01 1000aa 

1 

2 

LODA,r            *ADDR(X) 

00001 1aa 

bccqqqqq 

QQ 

3 

4 

LODf,r              DATA8 

OOOOOIaa 
PP 

2 

2 

LODR,r             *DISP 

0000 lOaa 
beeeeeee 

2 

3 

LODZ.r 

OOOOOOaa 

1 

2 

LPSL 

93 

1 

2 

LPSU 

92 

1 

2 

NOP 

CO 

1 

2 

PPSL                DATA8 

77 
PP 

1 

3 

PPSU                DATA8 

76 
PP 

2 

3 

REDC,r 

001100aa 

1 

2 

REDD,r 

<011100aa 

1 

2 

REDE,r              P 

010101aa 
PP 

2 

3 

RETCDATA2 

000101ff 

1 

3 

RETE,DATA2 

001101ft 

1 

3 

RRL,r 

110100aa 

1 

2 

RRR,r 

010100aa 

1 

2 

SPSL 

13 

1 

2 

SPSU 

12 

1 

2 

STRA.r     *ADDWX) 

110011aa 

bccqqqqq 

QQ 

3 

4 

STRR,r      *DISP 

110010aa 

2 

3 

STRZ,r 

110000aa 

1 

2 

SUBA.r     *ADDR(X) 

101011aa 

bccqqqqq 

QQ 

3 

4 

SUBI.r          DATA8 

101001aa 
PP 

2 

2 

SUBR.r        *DISP 

1010lOaa 
beeeeeee 

.  2 

3 

SUBZ.r 

101000aa 

1 

2 

TMI,r           DATA8 

111101aa 
PP 

2 

3 

TPSL           DATA8 

B5  . 
PP 

2 

3 

TPSU           DATA8 

B4 
PP 

2 

3 

WRTC.r 

101l00aa 

1 

2 

WRTD,r 

111100aa 

1 

2 

WRTE.r       P 

110101aa 
PP 

2 

3 

ZBRR           *D1SP 

9B 
beeeeeee 

2 

3 

ZBSR           *DISP 

BB 
beeeeeee 

2 

3 
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SUPPORT  DEVICES  THAT  MAY  BE  USED  WITH 
THE  2650  MICROPROCESSOR 

Interfacing  the  2650  with  8080A  support  devices  is  very  straightforward.  Figure 
10-4  shows  how  8080A  control  signals  may  be  generated  from  2650  control  sig- 
nals. Figure  10-5  provides  the  same  information  for  the  MC6800. 

But  there  are  some  ambiguities  not  immediately  apparent  when  you  look  at  Figure 
10-4.  To  begin  with,  the  2650  uses  a  request/acknowledge  handshaking  control  pro- 
tocol which  is  alien  to  an  8080A-based  system  Thus  OPACK,  which  is  shown  creating 
RDYIN  in  Figure  10-4.  may  well  be  grounded  in  a  configuration  that  is  not  going  to  in- 
sert Wait  states  into  2650  instruction  execution  cycles  OPREQwiii  be  used  as  a  con- 
tributor to  the  chip  select  logic  of  8080A  support  devices.  M/I0,  which  is  shown  dis- 
criminating between  memory  and  I/O  control  signals  in  Figure  10-4,  may  alternatively 
be  used  as  a  contributor  to  chip  select  logic.  Figures  10-6  through  10-9  illustrate 
825I  and  8255  devices  connected  to  a  2650  CPU,  being  selected  within  memory 
or  I/O  spaces.  Note  that  where  devices  are  selected  within  the  2650  I/O  space,  C/D 
could  be  generated  from  the  2650  D/C  control  output  rather  than  usinq  address  line 
ADR0. 

Figure  1010  shows  how  2650  priority  interrupts  may  be  generated  using  an  8214 
Priority  Interrupt  Control  Unit. 

Interfacing  MC6800  support  devices  to  a  2650  CPU  is  again  complicated  by  the 
synchronizing  signal  required  by  MC6800  support  devices.  But  the  2650  is  flexi- 
ble enough  to  make  this  interface  possible. 

We  must  use  OPREQ  in  order  to  generate  the  synchronizing  enable  signal  for  MC6800 
support  devices.  Unfortunately,  there  is  a  significant  variation  in  the  leading  edge  of 
OPREQ  Therefore  logic  to  create  an  ENABLE  synchronizing  signal  must  have  the 
following  three  parts: 

1 )  Create  a  continuous  clock  signal  to  substitute  for  the  MC6800  ENABLE  synchroniz- 
ing signal 

2)  Make  sure  that  during  a  write  cycle  MC6800  device  select  logic  is  true  across  one 
pulse  of  the  ENABLE  signal.  Chip  select  logic  must  be  true  from  shortly  before  the 
beginning  of  the  enable  signal  positive  transition  until  shortly  after  the  end  of  the 
negative  transition- 

3)  During  a  read  cycle,  again  make  sure  that  chip  select  logic  for  the  MC6800  support 
device  is  valid  for  one  ENABLE  cycle  only,  but  this  time  stretch  the  ENABLE  true 
pulse  so  that  the  2650  CPU  can  latch  the  data  on  the  negative  transition  of  OPREQ 
before  ENABLE  goes  low 

Timing  for  the  above  three  conditions  is  illustrated  in  Figure  10  11.  But  note  that 
since  the  minimum  cycle  time  for  MC6800  support  devices  is  1  microsecond,  the  2650 
CPU  must  also  operate  at  this  frequency  —  rather  than  using  a  0  8  microsecond  clock 
which  is  the  fastest  allowed^ 

Figure  10-2  illustrates  a  2650  —  6850  ACIA  interface.  Figure  10-13  illustrates  a 
2650  —  6820  PIA  interface. 

Important  aspects  of  2650  interface  timing  are  defined  in  Figure  10-14 
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Figure  10-4    2650  —  8080A  Signal  Equivalents 
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Figure  10-5    2650  —  MC6800  Signal  Equivalents 
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Figure  10-6.   An  8251  USART  Accessed  By  A  2650  As  An  I/O  Device 
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Figure  10-7    An  825I  USART  Accessed  By  A  2650  As  A  Memory  Device 
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Figure  10-8    An  8255  PPi  Accessed  By  A  2650  As  An  I/O  Device 
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Figure  10-9    An  8255  PP!  Accessed  By  A  2650  As  A  Memory  Device 
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Figure  10-10.  Vectored  Interrupt  Using  The  8214  PICU  With  A  2650  CPU 
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Figure  10-1 1.  Synchronization  Circuits  In  A  2650  —  MC68XX  Interface 
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Figure  10-12.  An  MC6850  ACIA  Connected  To  A  2650 
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Figure  10-13.  An  MC6820  PIA  Connected  To  A  2650  * 
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1)  MC68XX  latches  data  internally  on  negative  transition. 

2)  Processor  latches  data  on  the  negative  transition  of  OPREQ;  thereafter  LOR  and  EN  go  to  zero  (but  NOT  before). 
*OPREQ  can  make  a  transition  any  time  within  this  600  nsec,  region. 


Figure  10-14.   important  Timing  Considerations  When  Interfacing  A  2650  CPU 
With  MC68XX  Series  Devices 
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ELECTRICAL  DATA 

Here  are  specific  electrical  characteristics  of  the  Signetics  2650 


ELECTRICAL  CHARACTERISTICS 


MAXIMUM  GUARANTEED  RATINGS^) 


Operating  Ambient  Temperature  0°C  to  +70°C 

Storage  Temperature  -65°C  to  +  15Q°C 

All  Input,  Output,  and  Supply  Voltages 

th  respect  to  ground  pin<3'                              -0.5V  to  +6V 
Package  Power  Dis5ipation<2)=|VyPkg. 1 ,6W 


PRELIMINARY  2650  DC  ELECTRICAL  CHARACTERISTICS 


LIMITS 

SYMBOL 

PARAMETER 

TEST  CONDITIONS 

MIN 

MAX 

UNIT 

■  L  I 

Input  Load  Current 

V|n  =  0  to  5.25V 

10 

MA 

'loh 

Output  Leakage  Current1 

ADREN,  DBUSEN  =  2,2V,  VquT  =  4V 

10 

MA 

fL0L 

Output  Leakage  Current 

ADREN,  DBUSEN  =  2..2V.  VqUT  =  0.45V 

10 

MA 

•cc 

Power  Supply  Current 

VCC  =  5  25V.  TA  =  0°C 

100 

mA 

VlL 

Input  Low 

-0.6 

0.8 

V 

V|H 

Input  High 

2  2 

vcc 

V 

vol 

Output  Low 

•OL  =  1  6mA 

00 

045 

V 

voh 

Output  High 

iQH  =  -100 /jA 

2  4 

Vcc-05 

V 

C|N 

Input  Capacitance 

V|N  =  0V 

10 

pF 

COUT 

Output  Capacitance 

VQUT  =  0V 

10 

pF 

Conditions:   T^  =  0°C  to  70° C.  Vqc  =  5V  ±5% 


i  junction  temperature  and  a  them 


NOTES: 

1.  Stresses  above  those  listed  under  "Maximum  Guaranteed  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating 
only  and  functional  operation  of  the  device  at  these  or  at  any  other  condition  above  those  indicated  in  the  operation  sections  of  this 
specification  is  not  implied, 

2.  For  operating  at  elevated  temperatures  the  device  must  be  derated  based  on  a  +  150°C  maxim 
resistance  of  50°C/W  junction  to  ambient  (40  pin  IW  package), 

3.  This  product  includes  circuitry  specifically  designed  for  the  protection  of  its  internal  devices  from  the  damaging  effects  of  e 
static  charge,   Nonetheless/it  is  suggested  that  conventional  precautions  be  taken  to  avoid  applying  any  voltages  larger  than  the  rated  maxima, 

4.  Parameter  valid  over  operating  temperature  range  unless  otherwise  specified, 

5.  All  voltage  measurements  are  referenced  to  ground 

6.  Manufacturer  reserves  the  right  to  make  design  and  process  changes  and  improvements. 

7     Typical  values  are  at  +25°C,  nominal  supply  voltages,  and  nominal  processing  parameters. 
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PRELIMINARY  AC  CHARACTERISTICS 

TA'=0°C  to  70°C  VCC=5V±5%  unless  otherwise  specified,  see  notes  1 ,2,3  &  4. 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

MIN 

MAX 

tCH 

Clock  High  Phase 

400 

10,000 

nsec 

tCL 

Clock  Low  Phase 

400 

« 

nsec 

tCP 

Clock  Period 

800 

OO 

nsec 

tpc6 

Processor  Cycle  Time 

2,400 

oo 

nsec 

tOR 

OPREQ  Pulse  Width 

2tcH  +  tCL~100 

oo 

nsec 

*COR 

Clock  to  OPREQ  Time 

too 

700 

nsec 

tOAD7 

OPACK  Delay  Time 

0 

oo 

nsec 

tOAH 

OPACK  Hold  Time 

0 

oo 

nsec 

tCSA 

Control  Signal  Available 

50 

nsec 

tDOA 

Data  Out  Available 

50 

nsec 

t  D!D8 

Data  in  Delay 

0 

1000(8) 

nsec 

*DIH9 

Data  in  Hold 

150 

nsec 

tWPD 

Write  Pulse  Delay 

tCL-100 

tCL-50 

nsec 

tWPW 

Write  Pulse  Width 

^L 

*CL 

nsec 

*ABD 

Address  Bus  Delay 

80 

nsec 

tDBD 

Data  Bus  Delay 

120 

nsec 

t|RS10 

INTREQSetupTime 

0 

nsec 

t|RH10 

INTREQ  Hold  Time 

0 

nsec 

t0RJ5 

Output  Buffer  Rise  Time 

150 

nsec 

NOTES  ON  AC  CHARACTERISTICS 

1.  See  preceding  timing  diagrams  for  definition  of  timing  terms 

2     Input  levels  swing  between  0.65  volt  and  2.2  volts, 

3.  Input  signal  transition  times  are  20ns. 

4.  Timing  reference  level  is  1.5  volts, 

5.  Load  is -100fiA  at  20pF 

6  A  Processor  Cycle  time  consists  of  three  clock  periods 

7  In  order  to  avoid  slowing  down  the  processor,  OPACK  must  be  lowered  100ns  before  the  trailing  edge  of 
T2  clock,  if  OPACK  is  delayed  past  this  point,  the  processor  will  wait  in  the  T2  state  and  sample  OPACK 
on  each  subsequent  negative  clock  edge  until  OPACK  is  lowered. 

8.  In  order  to  avoid  slowing  the  processor  down,  input  data  must  be  returned  to  the  processor  in  1  /is  or 
less  time  from  the  OPREQ  edge,  at  a  cycle  time  of  2,4/is. 

9.  Input  data  must  be  held  until  50ns  after  OPREQ  falls. 

10.    In  order  to  interrupt  the  current  instruction,  INTREQ  must  fall  prior  to  the  first  clock  of  the  last  cycle 
of  the  current  instruction.   INTREQ  must  remain  low  until  INTACK  goes  high 
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CRITICAL  TIMES 

The  following  timing  diagram  describes  the  timing  relationship  between  the  various  in- 
terface signals.  The  critical  times  are  labeled  and  defined  in  the  table  of  AC  charac- 
teristics. 
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Chapter  1 1 
THE  RCA  COSMAC 

We  are  going  to  describe  the  single  chip  CPU  referred  to  as  the  CDP1 802.  This  is  a 
one-chip  implementation  of  the  previous  two-chip  CPU,  consisting  of  the 
CDP1801  andCDP18101. 

COSMAC  and  the  F8  are  the  two  most  remarkable  8-bit  microprocessors  described  in 
this  book,  when  viewed  as  digital  logic  replacement  devices.  Both  COSMAC  and  the  F8 
look  very  unappealing  to  the  traditional  minicomputer  programmer,  yet  are  powerful 
digital  logic  implementation  devices 

Having  classified  COSMAC  and  the  F8  together,  how  do  the  two  devices  compare 
against  each  other? 

COSMAC  and  the  F8  are  both  "low  end"  devices,  that  is,  both  are  devices  well  suited  to 
simple,  high  volume  applications  with  limited  programming  needs.  As  compared  to 
many  other  microprocessors  described  in  this  book,  both  COSMAC  and. the  F8  are  poor 
choices  for  low  volume,  program  intensive  applications;  that  is  because  both  COSMAC 
and  the  F8  are  relatively  difficult  to  program. 

But  where  does  the  transition  from  a  simple  application  to  a  complex  application  oc- 
cur? 

For  the  F8,  the  transition  tends  to  be  slow  For  COSMAC,  it  is  sudden  —  an  application 
is,  or  is  not  suited  to  COSMAC,  with  very  little  grey  area. 

The  principal  advantage  of  COSMAC  is  that  it  requires  very  little  power,  since  it  is 
fabricated  using  CMOS  technology,  if  your  application  is  going  to  be  battery 
powered  for  any  length  of  time,  CMOS  logic  is  strongly  favored. 

Both  the  power  and  the  inflexibility  of  COSMAC  are  based  on  a  subtly  clever  use 
of  CPU  logic,  coupled  with  a  somewhat  primitive  interface  between  CPU  and  ex- 
ternal memory.  Providing  you  can  accommodate  all  program  housekeeping  using 
CPU  registers  for  your  read/write  memory,  COSMAC  is  a  superb  microprocessor. 
Program  housekeeping  in  this  case  includes  the  program  and  data  memory  address 
maintenance  associated  with  subroutines,  interrupts  and  data  accesses  in 
general.  There  is  a  very  large  class  of  microprocessor  applications  that  fit  well  within 
these  restrictions  and  are  well  suited  to  COSMAC 

COSMAC  is  fabricated  using  CMOS  technology  It  operates  with  a  single  power  supply 
and  is  very  insensitive  to  noise.  The  power  supply  can  vary  between  4-3V  and  +12V. 

CMOS  technology  also  results  in  COSMAC  having  a  very  low  power  consumption  and  a 
broad  operating  temperature  range.  It  is  one  of  the  few  products  described  in  this  book 
that  operates  within  the  full  military  specification  temperature  range  of  -55°C  to 
-H25°C 

Using  a  +10V  power  supply,  a  155  nanosecond  clock  results  in  instruction  execution 
times  of  2.5  or  3.75  microseconds 
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The  principal  manufacturer  for  the  COSMAC  is: 

RCA  SOLID  STATE  DIVISION 

P   0.  Box  3200 

Somerville,  N..J.    08876 


The  second  source  is: 


HUGHES  AIRCRAFT  INC. 
industrial  Electronics  Group 

500  Superior  Avenue 
Newport  Beach,  CA   92663 


THE  COSMAC  CPU 

Functions  implemented  on  the  CDP1802  CPU  are  illustrated  in  Figure  11-1. 

Logic  to  handle  an  external  interrupt  request  is  provided  by  the  COSMAC  CPU,  along 
with  an  elementary  ability  to  handle  interrupt  priority  arbitration 

An  unusual  feature  of  COSMAC,  as  compared  to  other  CPUs  described  in  this  book,  is 
the  fact  that  COSMAC  provides  an  elementary  DMA  capability  using  CPU  logic 

COSMAC  PROGRAMMABLE  REGISTERS 

These  are  the  programmable  registers  of  the  COSMAC  CPU: 

16-Bits 


8-Bits 


4-bit,  Program  Counter  Pointer 

4-bit,  Data  Counter  Pointer 

8-bit  buffer  for  P  and  X 


R(0).1 

R{0).0 

R0I.1 

R{1}.0 

R(2).1 

R(2).0 

R(3}.1 

R(3).0 

R(4).1 

R(4).0 

R(5>.1 

R(5}.0 

R(6},1 

R(6K0 

R(7).1 

R{7).0 

R(8).1 

R(8).0 

R(9).1 

R{9).0 

R(A).1 

R(A}.0 

R(B),1 

RIBJ.O 

R(C).1 

R(C}.0 

R(D).1 

R(D).0 

R(E).1 

R(E).0 

R(FL1 

R(F),0 

16,  16-bit  Address  registers 
or  32,  8-bit  Data  registers. 
No  permanently  assigned 
Data  Counters  or 
Program  Counters 


I  D  f    8~bit  Primary  Accumulator 

The  D  register  functions  as  a  primary  Accumulator. 

The  sixteen,  16-bit  registers  may  serve  as  Program  Counters,  Data  Counters,  or 
scratchpad  memory. 

As  scratchpad  memory,  each  1  6-bit  register  consists  of  two  8-bit  registers  whose  con- 
tents can  be  transferred  to  or  from  the  primary  Accumulator  (D  register). 

The  nomenclature  RN  is  used  to  define  a  16-bit  General  Purpose  register.  N  may  be  any 
number  in  the  range  0-15  When  General  Purpose  registers  are  being  treated  as  8-bit 
data  storage  units,  R(N)  1  is  used  to  identify  the  high  order  byte  of  General  Purpose 
Register  RN  and  R(N)  0  is  used  to  identify  the  low  order  byte  of  General  Purpose 
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Register  RN  For  example,  R6  identifies  the  seventh  16-bit  General  Purpose  register 
i  his  General  Purpose  register  contains  a  high  order  byte,  identified  as  R{6)  1  and  a  low 
order  byte  identified  as  R(6)0. 

The  4-bit  P  register  identifies  the  16-bit  register  which  at  any  point  in  time  is 
functioning  as  a  Program  Counter. 

The  4-bit  X  register  identifies  the  16-bit  register  which  at  any  point  in  time  is 
functioning  as  a  Data  Counter. 

COSMAC  literature  identifies  a  third  4-bit  register,  called  the  N  register.  On  first 
reading,  the  N  register  may  look  like  the  X  register,  but  in  reality,  the  N  register  repre- 
sents the  low  order  four  bits  of  the  Instruction  register  The  N  register  is  not  a  program- 
mable register,  as  we  define  it. 

The  first  three  16-bit  registers  also  have  dedicated  functions.  Register  RO  is  the 
Memory  Address  register  used  by  the  DMA  logic  of  COSMAC. 

Following  an  interrupt  acknowledge,  Register  R1  is  assumed  to  contain  the  begin- 
ning address  for  the  interrupt  service  routine,  and  General  Purpose  Register  R2 
serves  as  a  primitive  Stack  Pointer.  A  single  instruction  allows  you  to  push  the  con- 
tents of  the  T  register  into  the  memory  location  addressed  by  General  Purpose  Register 
RZ  Another  single  instruction  loads  P  and  X  with  the  contents  of  the  memory  location 
addressed  by  General  Purpose  Register  R2, 

The  T  register  is  a  simple,  8-bit  buffer  within  which  X  and  P  register  contents  are 
stored  following  an  interrupt. 

COSMAC  MEMORY  ADDRESSING  MODES 

COSMAC  offers  implied  addressing  of  data  memory  and  direct  addressing  of  pro- 
gram memory. 

Any  COSMAC  instruction  that  accesses  data  memory  indicates  one  of  the  sixteen 
General  Purpose  registers  as  providing  the  required  memory  address  Implied  memory 
addressing  with  auto-increment  or  auto-decrement  is  also  available  in  a  limited  number 
of  cases. 

An  instruction  that  accesses  data  memory  may  directly  identify  the  General  Purpose 
register  wherein  the  implied  data  memory  address  will  be  found: 


GENERAL 
PURPOSE 
REGISTERS 

j 


DATA 
MEMORY 


qq 


PPqq-1 
-*»-ppqq 

ppqq  +  1 
ppqq  +  2 
ppqq  +  3 


This  memory  - 
location  accessed 
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Alternatively,  an  instruction  may  specify  that  the  X  register  points  to  the  General  Pur- 
pose register  which  is  to  be  used  as  a  Data  Counter: 


8-Bit  Object 
Code 


Eight 
instruction 
—    bits 


GENERAL 
PURPOSE 
REGISTER 


DATA 
MEMORY 


-  X  register 


c 


J-1 

»»    J 
J  +  1 


pp       !      <w 

ppqq-1 

*~ppqq 

ppqq  +  1 

ppqq  +  2 

ppqq  +  3 


This  memory - 
location  accessed 


Branch  instructions  use  direct  memory  addressing  COSMAC  has  two-byte  and  three- 
byte  Branch  instructions  A  two-byte  Branch  instruction  uses  paged,  direct  addressing; 
the  second  byte  of  object  code  replaces  the  low  order  byte  of  the  16-bit  General  Pur- 
pose register  currently  serving  as  Program  Counter: 


P  register 


□ 


GENERAL 
PURPOSE 

REGISTER 

DATA 
MEMORY 

*, 

!           RJ 

-«t 

)-bvte  Branch- 

KK 

J 

Twc 

instruction 

In  the  illustration  above,  the  P  register  contains  a  hexadecimal  digit  represented  by  J. 
General  Purpose  Register  RJ  is  therefore  currently  serving  as  the  Program  Counter  A 
two-byte  Branch  instruction  contains  an  8-bit  value,  represented  by  KK,  in  the  second 
object  program  byte  When  a  branch  is  executed,  KK  is  loaded  into  R(J).0.  the  low  order 
byte  of  General  Purpose  Register  RJ  This  represents  straightforward,  absolute  paged 
direct  addressing  as  described  in  Volume  I.  Chapter  6 

The  second  and  third  object  code  bytes  of  a  three-byte  Branch  instruction  provide  a  1 6- 
bit  address  which  replaces  the  entire  contents  of  the  General  Purpose  register  currently 
serving  as  Program  Counter  This  is  equivalent  to  simple  non-paged  direct  addressing 
as  described  in  Volume  I,  Chapter  6 

Program  and  data  memory  in  a  COSMAC  microcomputer  system  may  be  common 
or  separate.  Because  COSMAC  has  a  wealth  of  control  signals,  it  is  almost  as  easy  to 
implement  program  and  data  memory  with  duplicated  memory  addresses,  and  address 
spaces,  as  it  is  to  implement  program  and  data  memory  with  separate  addresses  and 
address  spaces.  Thus,  COSMAC  can  have  separate  program  and  data  memories,  as  de- 
scribed for  the  SMS300,  or  it  can  have  a  shared  address  space  as  is  the  case  for  all  other 
microcomputers  described  in  this  book. 

COSMAC  STATUS  FLAGS 

COSMAC  has  no  Status  register,  but  it  does  have  seven  flags  which,  in  a  rather 
unusual  way,  provide  status  information. 

Two  of  the  seven  status  flags  are  orthodox: 

There  is  the  Data  Flag  (DF),  which  is  equivalent  to  the  Carry  status  as  we  describe 

it. 
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There  is  an  Interrupt  Enable  flag  which  must  be  set  to  1  if  interrupts  are  enabled;  this 
flag  is  set  to  0  in  order  to  disable  interrupts. 

Five  of  the  seven  status  flags  are  direct  logic  control  statuses. 
There  are  four  I/O  flags  (EF1  -  EF4)  which  are  connected  directly  to  CPU  pins.  Ex- 
ternal logic  can  input  high  or  low  signals  at  these  four  pins.  Subsequently,  COSMAC 
Branch-on-Condition  instructions  can  test  any  one  of  these  four  pins,  then  branch  or 
not  branch,  depending  on  the  status  of  the  pin. 

The  fifth  condition  status  is  referred  to  as  the  Q  status.  This  status  can  be  set  or  reset 
directly  by  appropriate  COSMAC  instructions.  Subsequent  Branch-on  Condition  in 
structions  will  test  the  Q  status  in  order  to  determine  whether  or  not  the  branch  will  oc- 
cur. In  addition,  the  Q  status  is  connected  to  a  pin  which  external  logic  can  use  in  any 
way. 

We  may  summarize  the  I/O  and  Q  statuses  as  follows: 


-  CPU  may  read  these  status 
bits,  but  not  write  into  them 

-  CPU  may  read  or  write 
into  this  status  bit 


Status  levels  Status 

set  by  input  level 

signals  output 

In  addition  there  are  three  control  signals  output  by  COSMAC  (NO,  N1  and  N2).  These 
three  signals  can  be  used  as  control/status  outputs  to  external  logic. 

COSMAC  CPU  PINS  AND  SIGNALS 

COSMAC  CPU  pins  and  signals  are  illustrated  in  Figure  11-2.  A  description  of 
these  signals  is  useful  as  a  guide  to  the  way  in  which  the  COSMAC 
microprocessor  works.  Signal  names  in  Figure  11-2  conform  with  those  used  bv 
COSMAC  literature. 

BUSO  -  BUS7  is  a  standard  bidirectional  parallel  Data  Bus,  usually  called  DO  -  D7 
for  other  microprocessors  described  in  this  book.  All  parallel  data  communications 
between  the  COSMAC  CPU  and  external  logic,  memory  or  I/O  occur  via  this  Data  Bus. 
MAO  -  MA7  represents  an  8-bit  Address  Bus.  Most  other  microprocessors  de- 
scribed in  this  book  use  the  symbols  AO  -  A7  for  equivalent  Address  Bus  lines  The 
fact  that  COSMAC  only  has  eight  address  lines  is  very  important  On  the  one  hand  it 
frees  up  eight  CPU  DIP  pins,  which  are  used  alternatively  to  provide  a  wealth  of  control 
signals  The  disadvantage  of  having  just  eight  Address  Bus  lines  is  that  al!  addresses 
must  be  multiplexed;  the  high  order  address  byte  is  output,  followed  by  the  low  order 
address  byte.  Memory  interface  logic  must  now  be  more  complex,  it  must  first  latch  the 
high  order  address  byte,  then  receive  the  low  order  address  byte  In  the  type  of  very  low 
cost,  high  volume  system  where  package  count  is  important,  this  could  be  a  significant 
penalty  However,  RCA  does  provide  a  ROM  device  which  includes  this  address  decode 
logic. 

The  remaining  signals  may  be  divided  into  timing,  status  and  control  signals. 
The  timing  signals  are  CLOCK,  XTAL,  TPA  and  TPB. 
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•VPD 
-XTAL 

-  DMA-IN 

-  DMA-OUT 
.  ]nt 

■  MWR 

■  TPA 

■  TP8 

'  MA7 

■  MA6 
'  MA5 

-  MA4 

■  MA3 

-  MA2 

■  MAI 

-  MAO 

-  EF1 

-  EF2 
•  EF3 

■  EF4 


Pin  Name 

Description 

BUSO  -  BUS7 

Parallel  Data  Bus 

MAO  -  MA7 

Address  Bus 

CLOCK 

Externally  generated  clock 

XTAL 

External  crystal  connection 

TPA,  TPB 

Timing  pulses 

EF1  -  EF4 

External  flags 

Q 

Q  status 

SCO,  SC1 

State  Code  lines 

MWR 

Write  pulse 

MRD 

Read  level 

N0-N2 

I/O  command 

WAIT,  CLEAR 

Control  lines 

DMA-IN,  DMA-OUT 

Direct  memory  access  control 

INT 

Interrupt  request 

VDD 

internal  voltage  supply 

vcc 

Input/Output  voltage  supply;  logic  1 

vss 

Ground;  logic  0 

Type 

Bidirectional 

Output 

Input 

Input 

Output 

Input 

Output 

Output 

Output 

Output 

Output 

Input 

Input 

Input 


Figure  11-2.   CDP1802  COSMAC  CPU  Signals  And  Pin  Assignments 

CLOCK  is  the  principal  timing  signal  input  by  external  clock  logic  Its  frequency  is  up 

to  6.4  MHz  when  using  a  +10V  power  supply 

If  you  are  using  the  on-chip  clock  logic,  then  you  must  connect  an  external  crystal,  with 

a  parallel  resistor,  to  the  XTAL  and  CLOCK  pins 

TPA  and  TPB  are  timing  pulses  output  by  the  CPU  to  control  external  logic. 

CLOCK,  TPA,  and  TPB  timing  may  be  illustrated  as  follows: 
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SCI 

SCO 

0 

0 

0 

1 

1 

1 

0 

1 

The  status  signals  are  EF1  -  EF4,  Q  and  SCO  -  SC1. 

We  have  already  encountered  signals  EF1  -  EF4.  These  are  four  signals  which  exter- 
nal logic  can  input  high  or  low  and  which  can  be  tested  by  conditional  Branch  instruc- 
tions. 

Q  is  continuously  output,  reflecting  the  level  of  the  Q  status  flag,  which  you  can 
set  or  reset  by  executing  appropriate  COSMAC  instructions.  External  logic  can  use  the 
Q  output  signal  in  any  way. 

The  two  state  signals  SCO  and  SC1  are  output  by  the  CPU  to  identify  the  type  of 
machine  cycle  which  is  in  progress.  SCO  and  SC1  are  output  as  follows: 

Machine  Cycle  Operation 
Instruction  Fetch 
Instruction  Execute 
DMA  Access 
Interrupt  Acknowledge 

Typically,  external  logic  will  use  the  SCO  and  SC1  signals  as  an  integral  part  of  device 
select  logic  in  order  to  ensure  that  no  device  considers  itself  selected  inappropriately 
Remaining  signals  may  be  classified  generally  as  controls. 

MWR  is  output  as  a  low  pulse  after  the  second  (low  order)  byte  of  any  address  has 
stabilized  on  the  Address  Bus.  MWR  indicates  a  memory  access  operation. 
MRD  subsequently  indicates  the  direction  of  a  data  access.  If  MRD  is  low,  then  the 
CPU  is  reading  data  from  memory  or  I/O  devices  If  MRD  is  high,  then  the  CPUts  writing 
to  memory  or  I/O  devices. 

When  an  Input  or  Output  instruction  is  executed,  as  against  a  Memory  Reference 
instruction,  a  nonzero  value  is  output  via  the  three  I/O  command  pins  NO,  N1  and 

N2.  If  all  three  pins  are  low,  no  I/O  operation  is  in  progress.  How  you  use  the  three  I/O 
command  pins  is  up  to  you.  They  can,  if  you  wish,  identify  an  I/O  port,  in  which  case 
you  can  immediately  address  up  to  seven  I/O  ports.  Any  number  of  I/O  ports  can  be  ad- 
dressed using  a  two-level  system  Alternatively,  you  can  use  these  pins  to  distinguish 
between  command,  status  or  data 

External  logic  can  control  the  CPU  via  the  WAIT  and  CLEAR  inputs.  These  two  in- 
puts combine  to  force  the  CPU  into  the  following  states: 

CLEAR  WATf  CPU  STATE 

0                  0  Load 

0  1  Reset 

1  0  Pause 
1                   1  Run 

In  the  Load  state,  the  CPU  is  idled  and  external  logic  can  load  memory  directly,  using 
the  direct  memory  access  logic  provided  by  the  CPU  itself. 

The  Reset  state  is  a  typical  reset.  During  a  reset,  the  Instruction  register,  the  X  and  P 
registers,  RO  General  Purpose  register  and  the  Q  status  are  all  reset  to  zero 

The  Reset  state  should  be  terminated  by  entering  the  Run  state.  Thus  you  may  look 
upon  WAIT  as  a  signal  which  is  maintained  high  during  a  normal  sequence  of  Run  and 
Reset  states;  CLEAR  then  becomes  equivalent  to  the  single  RESET  signal  provided  by 
other  microprocessors. 

When  you  enter  the  Run  state  following  a  Reset,  the  P  register  will  contain  0,  therefore 
General  Purpose  Register  0  acts  as  a  Program  Counter  General  Purpose  Register  RO 
contains  0000,  therefore  the  first  instruction  fetched  following  a  Reset  will  have  its  ob- 
ject code  stored  in  memory  location  0000. 


11- 


The  Pause  mode  stops  all  internal  CPU  operations  other  than  the  CLOCK  signal. 

Note  that  COSMAC  is  a  static  device  CPU  operations  can  halt  for  any  length  of  time 

with  no  loss  of  data 

The  Run  mode  is  the  condition  in  which  the  CPU  will  normally  operate. 

DMA-IN  and  DMA-OUT  are  control  signals  input  by  external  logic  in  order  to  perform 
direct  memory  access  operations  DMA-iN  specifies  a  data  transfer  from  external  logic 
to  memory;  DMA-OUT  will  cause  a  data  transfer  from  memory  to  external  logic.  In  each 
case,  memory  is  addressed  by  General  Purpose  Register  RO.  External  logic  is  implicitly 
identified  — it  is  the  source  of  the  DMA-IN  and  DMA-OUT  signals.  Following  a  DMA 
transfer.  General  Purpose  Register  RO  contents  are  incremented 

INT  is  a  standard  interrupt  request  input. 

A  SUMMARY  OF  COSMAC  INTERRUPT  PROCESSING  _ 

External  logic  can,  at  any  time,  request  an  interrupt  by  inputting  a  low  signal  at  INT. 
Providing  interrupts  are  enabled,  following  execution  of  the  current  instruction,  the 
CPU  will  respond  to  the  interrupt  request  with  these  three  steps: 

1)  The  contents  of  the  X  and  P  registers  are  moved  to  the  T  register 

2)  The  P  and  X  registers  have  the  hexadecimal  values  1   and  2  loaded  into  them, 
respectively 

3)  Interrupts  are  disabled 

Steps  1  and  2  may  be  illustrated  as  follows 


The  interrupt  service  routine  now  begins  executing  with  the  instruction  addressed  by 
General  Purpose  Register  R1.  Any  data  accessed  by  the  interrupt  service  routine  must 
be  addressed  by  General  Purpose  Register  R2. 

In  the  event  that  an  interrupt  service  routine  may  itself  be  interrupted,  you  can  store  the 
T  register  contents  in  memory,  at  the  location  addressed  by  General  Purpose  Register 
R2  {which  is  now  pointed  to  by  X)  COSMAC  does  not  handle  nested  interrupts  easily 
The  same  General  Purpose  registers,  R1  and  R2,  address  program  and  data  memory 
following  every  single  interrupt  request;  in  order  to  handle  nested  interrupts,  you  must 
create  an  external  memory  Stack  where  you  can  store  and  restore  the  contents  of 
General  Purpose  registers.  In  each  case,  program  logic  quickly  gets  out  of  hand. 

As  we  have  frequently  stated,  applications  that  rely  upon  extensive  and  complex  inter- 
rupt nesting  and  priority  arbitration  are  inherently  unsuited  to  microprocessors.  In  most 
cases  you  can  develop  a  less  expensive  implementation  using  multiple  CPUs.  Therefore 
do  not  look  upon  COSMAC  interrupt  handling  as  a  product  liability. 

The  four  input  signals,  EF1  -  EF4,  are  the  only  means  directly  available  for  external 
logic  to  identify  itself  when  more  than  one  external  device  can  request  an  inter- 
rupt. Use  of  these  external  flag  signals  means  that  the  interrupt  service  routine  must 
begin  with  a  number  of  Branch-on-Condition  instructions  that  test  the  input  flags  to 
determine  which  is  high. 

More  complex  interrupt  priority  arbitration  schemes  must  rely  upon  external  logic, 
which  will  create  some  type  of  code  for  the  CPU  to  read  out  of  an  identified  i/O  port  or 
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memory  location  in  order  to  determine  the  interrupting  source  Interrupt  priority  arbitra- 
tion, as  it  is'normally  understood,  becomes  the  complete  responsibility  of  external  logic 

COSMAC  DIRECT  MEMORY  ACCESS  LOGIC 

Simple  direct  memory  access  is  more  easily  handled  by  COSMAC  than  any  other  8-bit  ^ 

microprocessor  described  in  this  book/ All  you  have  to  do  is  load  the  appropriate  memo-  ■ 

ry  address  into  General  Purpose  Register  RO,  then  set  this  General  Purpose  register  ■ 

aside  to  service  direct  memory  accesses^  External  logic  subsequently  causes  data  to  be  ^ 

transferred  to  or  from  memory,  via  DMA,  by  inputting  low  pulses  at.DMA-IN  or  DIvW  * 

OUT.  A  low  pulse  on  either  one  of  these  signals  will  cause  data  to  be  transferred  bet- 
ween the  memory  location  addressed  by  General  Purpose  Register  RO  and  the  external  i 
logic  which  requests  the  direct  memory  access,  This  transfer  will  occur  as-soon  as  the 
current  instruction  has  completed  execution 

THE  COSMAC  INSTRUCTION  SET 

Table  1 1-1  summarizes  the  COSMAC  instruction  set.  The  strength  of  the  instruction 
set  lies  in  the  ability  to  communicate  directly  with  external  logic  via  the  Q  and  EF  sig- 
nals. The  ability  to  assign  General  Purpose  registers  in  any  way  as  Program  and  Data 
Counters  also  makes  the  instruction  set  very  powerful  ~~~  providing  program  modules 
are  small  and  do  not  require  more  address  storage  than  is  provided  by  the  General  Pur-  28 

pose  registers. 

The  weakness  of  COSMAC  is- that  all  register-to-register  data  transfers  occur  via  the  D 

register.  Also  all  data  transfers  between  the  CPU  and  external  logic  occur  via  the  D  W 

register.  Providing  you  can  change  the  contents  of  the  X  register  instead  of  actually 

moving  data  between  registers,  you  will  have  no  problem;  if  not,  the  D  register  will 

become  a  bottleneck, 

The  COSMAC  instruction  set  is  not  suited  to  mathematical  manipulations;  it  is  particu- 
larly unsuited  to  BCD  operations  This  is  because  COSMAC  has  no  decimal  mode  of 
operation  and  the  single  status  flag  (DF)  makes  signed  arithmetic  very  difficult  to  han- 
dle. 

THE  BENCHMARK  PROGRAM 

Now  consider  our  benchmark  program;  for  COSMAC  it  looks  like  this: 

LDi  TABHI  .LOAD  TABLE  BASE  ADDRESS  HIGH  ORDER  BYTE  n 

PHI  R15  INTO  R15  AND  R13  U 

PHI  R13  .-R1 5  POINTS  TO  NEXT  FREE  TABLE  BYTE  S 

LDI  00  B 

PLO  R13  R13  POINTS  TO  FIRST  BYTE  IN  TABLE  ^ 

PLO  R14  0 

LDN  R13  ASSUME  THAT  DISPLACEMENT  TO  FIRST  & 

PLO  R15  FREE  BYTE  IS  STORED  IN  FIRST  TABLE  BYTE  N 

LDI  IOBFHI  LOAD  IOBUF  START  ADDRESS  INTO  R 1 4  - 

PHI  R14  E 

LDN  R14  .LOAD  DISPLACEMENT  TO  END  OF  FILLED  IOBUF  V 

PLO  R14  q 

LOOP:     LDN  R14  LOAD  NEXT  BYTE  FROM  IOBUF  T 

STR  R 1 5  -STORE  IN  NEXT  FREE  TABLE  BYTE  L 

INC  R15  INCREMENT  R15  U 

DEC  R14  DECREMENT  R14  M 

GLO  R14  TEST  LOW  ORDER  BYTE  OF  R14  " 

BNZ  LOOP  IF  NOT  ZERO  RETURN  TO  LOOP  E 

GLO  R1 5  -AT  END  RESET  FIRST  BYTE  OF 

STR  R1 3  TABLE  TO  NEW  FIRST  FREE  BYTE  ADDRESS  2 
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This  is  the  memory  map  assumed  by  the  benchmark  program  above: 

iOBUF  TABLE 

TF"      I  XXOO  I        QQ        8  YYOO 


End  of  new  data  - 


YYQQ         First  free  byte 


Tables  IOBUF  and  TABLE  are  both  origined  on  page  boundaries;  that  is  to  say,- the  low 
order  eight  bits  of  the  origin  address  are  zeros.  Data  in  table  IGBUF  is  stored  backwards. 
The  first  byte  of  data  to  be  moved  from  IOBUF  to  TABLE  is  stored  at  the  highest  memory 
address  of  IOBUF  This  highest  memory  address,  illustrated  above  by  XXPP,  is  derived 
by  adding  the  contents  of  the  first  IOBUF  table  byte  to  the  origin  address.  Thus,  the  first 
byte  of  IOBUF  stores  that  length  of  table  IOBUF  which  is  currently  filled.  COSMAC  pro- 
gram logic  can  now  decrement  the  initial  IOBUF  address  from  XXPP  and,  upon  testing 
the  low  order  byte  equal  to  zero,  logic  knows  that  all  data  has  been  transferred 

The  destination  table  stores  the  displacement  to  the  first  free  table  byte  in  the  first  byte 
of  TABLE  Thus  the  address  of  the  first  free  byte  equals  the  origin  plus  the  contents  of 
the  first  TABLE  byte, 

Since  the  displacement  to  the  first  free  byte  of  TABLE  is  stored  in  a  single  data  byte, 
clearly  TABLE  cannot  be  more  than  256  bytes  long.  Thus.  IOBUF  must  contain  less  than 
256  bytes  at  any  time 

If  you  look  at  the  COSMAC  program,  it  appears  rather  long  The  instruction  loop  itself 
only  contains  six  instructions,  which  compares  well  with  many  other  benchmark  pro- 
grams What  is  deceptive  about  the  benchmark  program  is  the  fact  that  we  have  taken 
a  large  number  of  instructions  in  order  to  load  initial  addresses  into  General  Purpose 
registers  Remember,  COSMAC  has  sixteen  such  General  Purpose  registers  and  the 
whole  programming  philosophy  of  this  microcomputer  is  that  you  load  addresses  into 
General  Purpose  registers  once,  at  the  beginning  of  the  program,  and  never  again  In 
fact,  the  benchmark  program  points  up  both  the  strength  and  the  weakness  of  the  COS- 
MAC  instruction  set  Its  strength  is  that  large  numbers  of  addresses  can  be  permanently 
stored  within  CPU  registers,  thence  memory  access  becomes  a  trivial  task.  Its  weakness 
is  that  it  takes  a  lot  of  instructions  to  get  memory  addresses  into  General  Purpose 
registers  in  the  first  place  : —  and  that  becomes  a  liability  if  you  have  to  reuse  the  same 
General  Purpose  register,  in  a  number  of  different  ways,  within  one  program.. 
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The  following  symbols  are  used  in  Table  11-1: 


ADR8         8-bit  address 

ADR16       16-bit  address 

D  D  register 

DATA8      8-bit  data  unit 

DEV  3-bit  code:    1  through  7 

DF  Data  Flag  or  Carry 

EFn  Pin  status:   EF1,  EF2,  EF3,  or  EF4 

IE  Interrupt  Enable  bit 

n  One  of  the  numbers  1,  2,  3,  4 

N  4-bit  register  select  unit 

N210         Three  output  pins,  N2,  N1,  NO 

P  4-bit  Program  Counter  Pointer  register 

Q  Q  status  output  flip-flop 

R(z)  Specifies  a  register: 

if  z  is  N    the  instruction  operand  specifies  the  register 

P    the  contents  of  the  P  register  specify  the  register 
X    the  contents  of  the  X  register  specify  the  register 
T  .    ■  T  register 

X  4-bit  Data  Counter  Pointer  register 

x<y.z>     Bits  y  through  z  of  a  register  or  memory  location    For  example,  T<7,4> 
represents  the  high  order  four  bits  of  the  T  register. 

Contents  of  location  enclosed  within  brackets    If  a  register  designation  is 
enclosed  within  the  brackets,  then  -the  designated  register's  contents  are 
specified.  If  an  I/O  port -number  is  enclosed  within  the  brackets,  then  the  I/O 
port  contents  are  specified    If  a  memory  address  is  enclosed  within  the 
brackets,  then  the  contents  of  the  addressed  memory  location  are  specified. 
Implied  memory  addressing;  the  contents  of  the  memory  location  designated 
by  the  contents  of  a  register 
Logical  AND 
Logical  OR 
Logical  Exclusive-OR 
♦-  Data  is  transferred  in  the  direction  of  the  arrow. 

Under  the  heading  of  STATUSES  in  Table  11-1.  an  X  indicates  statuses  which  are 
modified  in  the  course  of  the  instruction's  execution.  If  there  is  no  X,  it  means  that  the 
status  maintains  the  value  it  had  before  the  instruction  was  executed. 


[] 


IE]] 

A 
V 
V- 


11-12 


< 

CO 

O 
O 


1    A 
zi  V 

1     2 


§2 

i_     CM 


o  z.  ~  ©  =  o 

j:   ,_-  •—.  cj  S?  E 

S  tf  E  5  T  s  *' 

£    a  «  S  g  O  <S 

B  z  — 


3 


I      1 


?    I    1 
1    I    I 


II 


+    «  ®         «         + 

sy  o i  q g  o£y 

T?«||T|T= 

J    D    ir 


S   -,  5= 
■=.  ft    v 


11 


o£^£ 


T  ° 


30N3U3J3H  AU0VU3W  AaVINlUd 


11-13 


o 
u 


,E         « 


CD   v_j 

•i  + 


,1,    D 


>   £  *    5   < 

r—i      £  '  A     CC    i— i 


o   ul 

E   Q 

©  •— • 

e  a 

Q 


fsisisis 


o    d)    ^    ts    ~~ 


o  cs 

o5 


ca 
TJ 

o>         .2 

.£        a 
3        E 

^       I 

©  Q 

£         E 

i       s 

f   I 
!°! 


o«  £-5  t 


£   1 

<   n 


TJ      * 


.«    DC 

"O       I 
TJ      i 


I  5il  JL 


I'    a  "«  o 

co  u  to 

jQ  1  £ 

,      3  '  3 


li 


52  "5  a> 

°  I  2 

Q  |  Q  |  Q  5 

>   £  *"  Z.  <  3 

<    TJ  <  9  <  2 

g  |  §  -S  2  .1 

i  *  1 1 1  i 

n  o  7  u  7;  < 


CJ 

< 


o 

CJ 


31VU3dO  A«0W3W 
3DN3U3J3U  AH01AI3W  AHVQN003S 


3±VH3dO 
3iVIC13iV\ll/\il 


11-14 


73 

o 

0) 

D 
C 

< 

ce 

UJ 

r 

CL 

o 

o 

y 

>■ 

CD 

E 

E 

JE       is       £ 


IS  I" 


O    ^     0) 


sfci 


<    ©  <    m  <    Q 

2  1  2  1  S  g 

13  13  11 

q  <  o  <  a  w  ' 


1    2    I 


&    E 

<  s 


-   «-         <n  £ 

i  Esii jig    ft 

villi,    ^a- 

s:as:2E2C3  g  g 

"        —        ■—        «—        w  « 


o    is  o 


JL=JL 

A    a,    A 

0     0)0 

x  S"  v 

a.    j=  SI 


5>  a  =». 
£  <  t 
q    I    o 


a  V    a 
®  ST    ® 


III' 

U_.       CO      —       : 


CJ 

0) 

< 

CO 

^ 

3 
1- 

00 

< 

O 

CJ 

1- 
0} 

(aanNiXNOo) 

3±VU3dO  3±Vld3V\IWI 


dt»s  qnv  HONvaa 


NOIlldNOO  NO 
dl>lS  QNV  HONvaa 


11-15 


I    * 


o 
u 


A  o    j 

o  ©  <— > 

^*  2    A 

V  5.  q 

s;  ©  ■*"* 

£  E   V 

•—  8  j£ 

c  c    DC 
12- 


«    A 


Q.  • 

^  S   — 

slgi 

a    A    © 
5?  o   S? 

Sn  a .- 

o    V    «    V 

e  s:  e  s: 

8£SE 

5  €    5  £ 

JI     ^."    JC     o 

C     "     c     'I 
to    c    <o    c 

CD   uj   00   ui 


c 

< 

o 

! 

OQ 

a 

A 
o 

F 

V 

s 

a. 

E 

,? 

c 

CD 

c 

o 

It 

CO 

O 

8 

fe  2 


S  £   s  9E 


CD    < 

a   I 
E  & 


2  < 

Q    I 


2    O 


a  i.  (3  i 


O    JL 


s-  < 

o    I 


~"        w   ©  ■_,   ©  ae 


5  * 

81 


03    i— 


*^ 


O      _ 

2  a 

CD   w    l 


12 


X»    ■£ 

It 

is. 


*    8  cm    c  V        ™ 

.    ©   +    o  J;        _+ 

'  sTli.  ri,  e 

Q   =   Q   3l    (3   ST   cj 

W    ._      «  W    "      » 

©  ©      C      ©      e-      <D 

£  §  *1  *  J  £ 

XI    JE    XI    •£    a    fj    J3 

O     **     O     •"     O     r    o 

*  *  2  I  «  2  2 

a.  »-■  a  u.  a  u.  a 
&  Q  12  Q  S  O  12 
W  —   W   l_   v)  —   CO 


< 

CO 

O 

CJ 


o 

2 
ui 

Z 

5 


I     8 

oq         3 


eg        co 


a. 


(aifiNiiNOO) 

NOIXIQNOO  NO  dIXS  QNV  HONVHfl 


n-ie 


< 

CO 

O 
u 


;  £  £  £  § 


s?    o   ■=-    o   s-   S 


~    o 

f  2 


-°      JC      -° 

:    o  f  o 

if  B  7.1 

i_.    W    u_,    w 


A 


5   «    g>  ^ 


.     -     .11 

Q        fv.        U        ,_ 

V 


I    S 


8!  I  £  1  £ 


j  s  « 


z  £z : x s 

III  Hi 


,  C 

ii 

i_  s 

5  i 

4-  t 


z 


"    Z     ®    X 


2   I 


(aanNixNOO) 

NOIliaNOO  NO 
dl»S  QNV  HONVUS 


3AOI/Y  U31SI93U 
H31SID3U 


31VH3dO  U31SI93B 


11-17 


1 

*   t 

°*i 

3 

4- 

4 

*- 

I* 

.*- 

t 

I 

n 


i 

n 


Jo    X    Ol 

a  i    1   i- 


A   A    1 

"^    °   Z2 


^g 


if 


< 

00 

O 

CJ 


(a3flNI±NOD)  31VH3dO  H3±SI93H 


11-18 


A 
_  o  — 

CO     -f 

'■  V  = 
:  :=  x 


X    A    A 


Z  v  v  ~ 

E 


o 

ST-  ISSTo  | 


1     <5    *      o     *      e  -L    -0) 


2  2 

-;  E 

p  © 

Pr  a. 


< 
C/) 

O 
o 


o 

z 
o 


(QBDNIINOO)  >!OV±S 


11-19 


The  following  symbols  are  used  in  Table  1 1-2 

aaaa     4  bits  selecting  one  of  the  16  registers 

bbb      3-bit  data  unit  output  to  N2,  N1t  NO  lines 

PP        8-bit  address 

QQ       Second  .8  bits  of  a  16-bit  address 

XX        8-bit  immediate  data  unit 


Table  11-2.  COSMAC  Instruction  Set  Object  Codes 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE 
CYCLES 

ADC 

74 

1 

2 

ADO      DATA8 

7C 
XX 

2 

2 

ADD 

F4 

1 

2 

ADf        DATA8 

FC 
XX 

2 

2 

AND 

AMI         DATA8 

F2 
FA 
XX 

1 
2 

2 
2 

BDF        ADR8 

33 
PP 

2 

2 

8NF        ADR8 

3B 
PP 

2 

2 

BNQ       ADR8 

39 
PP 

2 

2 

BN2       ADR8 

3A 
PP 

2 

2 

BNI         ADR8 

3C 
PP 

2 

2 

BNZ       ADR8 

3D 
PP 

2 

2 

BN3        ADR8 

3E 
pp 

2 

2 

BN4        ADR8 

3F 
PP 

2 

2 

BO         ADR8 

31 
PP 

2 

2 

BR          ADR8 

30 
pp 

2 

2 

BZ          ADR8 

32 
PP 

2 

2 

BJ           ADR8 

34 
pP 

2 

2 

B2          ADR8 

35 
PP 

2 

2 

B3          ADR8 

36 
PP 

2 

2 

B4          ADR8 

37 
PP 

2 

2 

DEC        N 

0010aaaa 

2 

DIS 

71 

2 

GHI         N 

1001 aaaa 

2 

GLO       N 

1000aaaa 

2 

IDL 

00 

2 

INC         N 

0001 aaaa 

2 

!NP         P 
IRX 

01101bbb 
60 

2 
2 

1  1-20 


Table  11-2,  COSMAC  Instruction  Set  Object  Codes  (Continued) 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES 

LBDF      ADR  16 

C3 
PP 
QQ 

3 

3 

LBNF      ADR 16 

C3. 
PP 
QQ 

3 

3 

LBNQ     ADRT6 

C9 
PP 
QQ 

3 

3 

LBNZ     ADR  16 

CA 
PP 
QQ 

3 

3 

LBQ       ADR  16 

C1 
PP 
QQ 

3 

3 

LBR        ADR  16 

CO 
PP 
QQ 

3 

3 

LBZ        ADR16 

C2 
PP 
QQ 

3 

3 

LDA       N 

0100aaaa 

1 

2 

LDI         DATA8 

F8 
XX 

2 

2 

LDN        N 

OOOOaaaa 

2 

LDX 

FO 

2 

LDXA 

72 

2 

LSDF 

CF 

3 

LSIE 

CC 

3 

LSNF 

C7 

3 

LSNQ 

C5 

3 

LSNZ 

C6 

3 

LSQ 

CD 

3 

LSKP 

C8 

3 

LSZ 

CF 

3 

MARK 

79 

2 

NBR 

38 

2 

2 

NLBR 

C8 

3 

3 

NOP 

C4 

1 

3 

OR 

F1 

1 

2 

ORi         DATA8 

F9 
XX 

2 

2 

OUT       P 

01100bbb 

1 

2 

PHI         N 

1011aaaa 

1 

2 

PLO        N 

1010aaaa 

1 

2 

REQ 

7B 

1 

2 

RET 

70 

1 

2 

SAV 

78 

1 

2 

SEO 

7A 

1 

2 

SEP        N 

1101aaaa 

1 

2 

SEX        N 

1 1 10aaaa 

1 

2 

SD 

F5 

1 

2 

SDB 

75 

1 

2 

11-21 


Table  11-2.  COSMAC  Instruction  Set  Object  Codes  (Continued) 


INSTRUCTION 


SDBI       DATA8 


SDI 


DATA8 


OBJECT  CODE 


SHL 
SHLC 
SHR 
SHRC 

SKP 

SM 

SMB 

SMBI      DATA8 

SMI 

STR       N 

STXD 

XOR 

XRi         DATA8 


7D 

XX 

FD 

XX 

FE 

7E 

F6 

76 

38 

F7 

77 
7F 
XX 
FF 
XX 
OlOlaaaa 
73 
F3 
FB 
XX 


MACHINE 
CYCLES 
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ELECTRICAL  DATA 

The  following   pages  contain  specific  electrical  and  timing   characteristics  of  the   COSMAC 
CDP1802. 


Preliminary  CDP1802D,  CDP1802CD 


ELECTRICAL  CHARACTERISTICS  at  TA  =  25°C 

CHARACTERISTIC 

CONDITIONS 

CDP1802D 
TYPICAL 
VALUES 

CDP1802CD 
TYPICAL 
VALUES 

UNITS 

v0 

(V) 

VCC, 

vDd 

(V) 

Quiescent  Device  Current,  lj_ 

- 

5,5 

100 

500 

MA 

„ 

10,  10 

500 

- 

_ 

15,  15 

1000 

_ 

Total  Power  Dissipation: 
OP  CODE  "00" 
(See  Fig.  4) 

f  = 
MHz 

3.2 

_ 

5,5 

6 

8 

mW 

5.0 

_ 

5,  10 

30 

- 

6.4 

_ 

10,  10 

40 

- 

Output  Voltage: 
Low-Level,  Vqj_ 

5,5 

0.01 

0.01 

V 

_ 

10,  10 

0.01 

- 

High-Level,  Vqh 

__ 

5,5 

5 

5 

_ 

10,  10 

10 

- 

Noise  Immunity: 
Inputs  Low,  Vf^|_ 

0.5 

5,5 

2.25 

2.25 

V 

-1 

10,  10 

3.45 

- 

Inputs  High,  V^ 

4.5 

5,5 

,  2.25 

2.25 

9 

10,  10 

3.45 

- 

Output  Drive  Current: 
N-Channel  {Sink},  lDN 

0.4 

5,5 

1.5 

1.5 

mA 

0.5 

10,  10 

3.0 

_ 

P-Channel  (Source),  IpP 

2.5 

5,5 

-1.6 

-1.6 

4.6 

5,5 

-0.4 

-0.4 

9.5 

10,  10 

-0.9 

- 

Input  Leakage  Current 

- 

5,5 

±1 

±1 

fiA 

(Any  Input),  1tL,  l(H 

- 

15,  15 

±1 

" 
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Preliminary  CDP1802D,  CDP1802CD 
MAXIMUM  RATINGS, 


Absolute-Maximum  Values 
Storage-Temperature  Range  (T, 


stg 


-65  to  +150°C 
Operating-Temperature  Range  (T^) 

-55  to  +  125°C 

DC  Supply- Voltage  Range  (VqC,  Vdd) 
(All  voltage  values  referenced  to  Vgg  terminal) 

VCC   <  VDD: 

CDP1802D -0.5  to  +15  V 

CDP1802CD ■.  .        -0.5  to +7  V 

Power  Dissipation  Per  Package  (Ppt): 

For  TA  =  -55  to  +100°C 
- 500  mW 

ForTA  =  +100to+125°C 

Derate  Linearly  to  200  mW 

Device  Dissipation  Per  Output  Transistor: 

ForTA  =  ™55°Cto+125°C     100  mW 

Input  Voltage  Range,  All  Inputs 

-0.5  to  VDD  +0.5  V 

Lead  Temperature  (During  Soldering): 

At  distance  1/16  ±   1/32  inch  (1.59  ±  0.79  mm) 

from  case  for  10  s  max +265°C 


SIGNAL  NAME 

►       CLOCK    ■ 

NT  SOL    f  WAIT        - 
1  CLEAR    ■ 


SIGNAL  NAME 


fsc,       Z 

[SCO        — 


SCO 
MRD 
BUS  7 
6US6 
BUS  5 
BUS  A 
BUS  5 
BUS  2 
BUS  I 
BUS  0 


-  TPA 

-  TPB 

-  MA7  s 

-  MA  6 
-MAS 

-  MA4 
-MAS 

-  MA  2 

-  MA! 

-  MAO  ^ 
.  YTT  ' 

-  ETT 


Terminal  Assignment  for  CDP1802 
OPERATING  CONDITIONS  at  TA  =  25°C  Unless  Otherwise  Specified 

For  maximum  reliability,  nominal  operating  conditions  should  be 
selected  so  that  operation  is  always  within  the  following  ranges. 


CHARACTERISTIC 

CONDITIONS 

TYPICAL  VALUES 

UNITS 

Vcc1 

(V) 

VDD 
(V) 

CDP1802D 

CDP1802CD 

Supply-Voltage  Range 
(At  TA  =  Full  Package- 
Temperature  Range) 

- 

~ 

3  to  12 

4  to  6 

V 

Recommended  Input  Voltage  Range 

_ 

- 

VSS  to  VCC 

VSS  to  VCC 

V 

Clock  Input  Rise  or  Fall  Time, 
tr  or  tf 

3-15 

3-15 

5 

5 

jus 

Instruction  Time* 
{See  Fig.  3) 

5 

5 

5 

5 

/is 

5 

10 

3.2 

_ 

10 

10 

2.5 

_ 

DMA  Transfer  Rate 

5 

5 

400 

400 

KBytes/sec 

5 

10 

625 

_ 

10 

10 

800 

_ 

Clock  Input  Frequency,  f^ 

5 

5 

DC  -  3.2 

DC  -  3.2 

MHz 

5 

10 

DC -5.0 

_ 

10 

10 

DC  -  6.4 

_ 

Clock  Pulse  Width,  tWL,  tWH 

5 

5 

160 

160 

ns 

5 

10 

100 

_ 

10 

10 

80 

- 

Clear  Pulse  Width 

5 

5 

300 

300 

ns 

5 

10 

200 

_ 

10       | 

10 

150 

- 

1.  Vcc  <  VDD;  forCDP1802CD   VDD  =  Vcc  =  5  volts. 

2.  Equals  2  machine  cycles-one  Fetch  and  one  Execute  operation  for  all  instructions  except  Long  Branch 
and  Long  Skip,  which  require  3  machine  cycles-one  Fetch  and  two  Execute  operations. 
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GENERAL  TIMING  |*~»|-|T 

clock     -ioj-iin2ri3n±Ji^^ 

TPA  '  ' 

TP8 


-*|   IT   i* 


■i  IT   I 


MACHINE  CYCLE j_ 


CYCLE    i 


CYCLE     n  +  l 


MEMORY   TIMING 


HH> 


'E//1  1  LOW  ADDRESS  BYTE" 


MRU  _]"" 

MWR 

CPU  DATA  INPUT 


«-HIGH  ADDRESS  BYTE 


Y/A        '■'  I  LOWER  ADORESS  BYTE 
■  *- HIGHER  ADDRESS  BYTE 


K2TH 


2ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZYZZZZ 


-1/B 


CPU  OUTPUT      f  OFF    [     DATA    f6  MEMORY 


IE 


(SnOR(l>6)OR(N'OOR8)     | (S'lX  I«6)<N- 1-7,9-F) 

\m N   BITS    VALID 


TSET/RESETIDURING  SI) 


I/O  REQUEST  TIMING 


5MXTW  '///////////I 

INTERRUPT 


\;//;;/;;///A 


s//////\ 


ISAMPLED  (DURING  SI,52,S3> 

.  \///////r 


ZEZ 


l-SAMPLED  (DURING  SI) 

-Lorun^runiTuns^^ 


1  USER  GENERATEO  SIGNALS 

2  SHADING    INDICATES  ■"  DONT  CARE  "OR  INTERNAL   DELAY 
3"0FF"   INDICATES    HIGH-IMPEDANCE  STATE 


92CM-2T440 


Timing  diagram. 


Preliminary  CDP1802D,  CDP1802CD . 


IM'a 

6 

}    '■ 

<ei0 

~      e 

i    i 

AMB  ENT  TEMPERATURE  ITA  l-ZS'C 

I 

OP    CODE 

00" 

CDPI802 

:0PI8O2 

^0^4^>4 

_ _ 

c 

2      6 

I 

5 

. — 

.^ 

£ 

&J> 

m$> 

< 

rrr„ 

— i-" 

£ 

a 

z 

5 

S 

2            * 

s   e 

CLOCK   INPUT  FREQUENCY  (lCL)-MHl 


CLOCK    INPUT   FREQUENCY  UCLl-MHi 


Typical  instruction  time  vs.  memory 
system  access  time. 


Typical  total  power  dissipation  vs. 
clock  input  frequency. 
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Chapter  12 

IM61 00  MICROCOMPUTER 
DEVICES 

The  IM6100  is  an  almost  exact  reproduction  of  the  PDP-8E  minicomputer. 

The  PDP-8  is  a  12-bit  minicomputer,  therefore  the  IM6100  is  a  12-bit  microcom- 
puter. 

The  very  existence  of  the  IM6100  is  testimony  to  one  of  the  less  well  understood  aspects  of 
minicomputers,  versus  microcomputers;  people  tend  to  place  too  much  emphasis  on  "creeping 
featurism".  The  majority  of  applications  that  are  going  to  use  a  microcomputer  could  be  imple- 
mented with  almost  any  microcomputer  described  in  this  book.  The  economics  of  exact  chip 
counts  and  product  development  expense  is  worth  exploring,  but  in  most  cases  detailed  com- 
parative evaluations  of  instruction  sets  and  addressing  modes  are  a  waste  of  time  and  money; 
enhancement  of  one  product  as  compared  to  another  will  rarely  have  any  significant  economic 
impact  This  is  true  of  microcomputers  today  and  it  was  also  true  of  minicomputers  yesterday. 
The  PDP-8  was  the  first  minicomputer;  compared  to  nearly  any  other  minicomputer  on  the 
market  today,  the  PDP-8  is  a  very  primitive  device-  Yet  there  are  more  PDP-8s  in  the  world  than 
any  other  minicomputer.  Despite  the  large  number  of  new,  more  powerful  minicomputers  that 
are  available,  the  PDP-8  continues,  from  year  to  year,  to  rank  among  the  leaders  in  minicomputer 
sales  volume 

It  is  this  popularity  of  the  PDP-8,  for  all  its  shortcomings  as  a  minicomputer,  that  has  given  birth  to 
the  IM6100.  Many  design  features  of  the  IM6100.are  dubious,  when  looked  upon  from  the 
microcomputer  user's  point  of  view.  It  is  safe  to  say  that  no  microcomputer  designer  would  have 
seen  fit  to  develop  a  product  even  remotely  like  the  IM6 100,  but  for  the  predecessor  PDP-8.  The 
IM6100  exists  to  participate  in  the  continuing  sales  volume  of  PDP-8,  and  to  take  advantage  of 
the  huge  library  of  PDP-8  software  which  is  available  —  much  of  it  at  no  cost. 

You  must  look  at  the  IM6100  (and  the  microNOVA)  from  a  totally  different  perspective,  as  com- 
pared to  any  other  microcomputer  described  in  this  book,  do  not  look  for  justification  of  IM6 100 
design  features  in  terms  of  a  microcomputer  application's  needs,,  rather  accept  the  1M6100  for 
what  it  is  —  a  very  low  cost  reproduction  of  something  which  already  exists;  a  product  whose 
existence  is  justified  by  a  large  established  product  market  and -a  prior  base  of  existing  software. 
In  addition  to  the  IM6100  CPU,  we  are  going  to  describe  the  IM6101  Parallel  In- 
terface Element.  The  IM6402  UART  is  also  available;  however,  it  is  not  described 
in  this  chapter. 

All  IM6100  microcomputer  devices  use  a  single  power  supply  which  may  range  between  +  4V 
and   +  11 V. 

Using  a  250  nanosecond  clock,  instruction  execution  times  range  from  5  to  1  1  microseconds. 
All  IM6 100  microcomputer  devices  use  CMOS  technology,  which  means  that  they  are  highly  im- 
mune to  noise  in  the  power  supply  and  they  consume  very  little  power  Recall  that  COSMAC  is 
the  only  other  microprocessor  described  in  this  book  that  offers  "CMOS  technology. 


12-1 


The  principal  manufacturer  of  the  IM6100  is; 

INTERSIL,  INC, 
10900  North  Tantau  Avenue 
Cupertino,  CA    95014 
The  second  source  is: 

HARRIS  SEMICONDUCTOR  DIVISION 

P.O.  Box  883 

Melbourne.  FLA    32901 

THE  IM6100CPU 

Functions  implemented  on  the  IM6100  CPU  are  illustrated  in  Figure  12-1.  IM6101 
Parallel  Interface  Element  logic  is  also  shown. 

Bus  interface  logic  is  shown  as  implemented  by  the  IM6101.  This  is  because  the  bus  control  sig- 
nals input  to  and  output  by  the  CPU  do  not  conform  with  the  standard  PDP-8  bus.  or  with  typical 
microcomputer  busses.  You  are  going  to  need  additional  logic  either  to  create  a  PDP-8  bus 
equivalent,  or  to  reduce  IM6100  control  signals  to  manageable  microcomputer  bus  proportions. 
The  IM6101  creates  a  microcomputer  type  of  System  Bus. 

Direct  memory  access  control  logic  is  also  shown  as  half  present.  The  CPU  has  logic  which  will 
respond  to  a  DMA  request  by  floating  the  System  Bus;  however,  the  actual  DMA  transfer,  includ- 
ing creation  of  memory  addresses,  -is  the  responsibility  of  external  logic. 

Observe  that  clock  logic  is  provided  on  the  CPU  chip. 

IM6100  PROGRAMMABLE  REGISTERS 

The  IM6100  has  just  three  programmable  registers  as  we  define  them:  an  Ac- 
cumulator, a  Program  Counter  and  the  MQ  register.  All  three  registers  are  twelve 
bits  wide. 

The  Accumulator  is  a  typical  primary  Accumulator.  With  one  single  exception,  it  is  the 
only  source  or  destination  within  the  CPU  for  data  being  operated  on. 

The  MQ  register  is  a  simple  buffer  for  the  Accumulator.  The  only  operation  you  can 
perform  on  the  MQ  register  contents  is  to  OR  it  with  the  Accumulator  contents;  the  result  is 
returned  to  the  Accumulator. 

The  Program  Counter,  being  12  bits  wide,  limits  the  IM6100  to  an  address  space 
of  4096  memory  words. 

Intersil  literature  describes  additional  registers,  but  these  are  not  programmable 
registers  as  we  define  them. 

The  IM6100  has  no  Data  Counter.  There  is  a  Memory  Address  register  within  the  CPU.  but  you 
have  no  direct  access  to  this  register.  It  is  a  very  simple  depository  for  addresses  which  are  auto- 
matically computed  by  CPU  logic  during  the  execution  of  memory  reference  instructions 

IM61 00  MEMORY  SPACE 

Since  the  IM6100  is  frequently  going  to  be  used  in  minicomputer  type  applica- 
tions, we  will  precede  our  discussion  of  memory  addressing  modes  with  a  discus- 
sion of  memory  implementation. 

The  fact  that  the  IM6100  is  normally  limited  to  an  address  space  of  4096  memory  words  is  not  a 
particularly  severe  handicap  if  you  look  upon  this  device  as  a  microcomputer.  Other  microcom- 
puters have  similar  limitations,  including  the  recent  entry  into  the  field,  the  EA9002.  The  fact  that 
the  IM6100  is  a  12-bit  microcomputer  extends  to  its  memory,  that  is  to  say,  its  address  space 
consists  of  4096  12-bit  memory  words,  not-  4096  memory  bytes. 
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While  4096  memory  bytes  is  more  than  sufficient  external  memory  for  a  majority  of  microcom- 
puter application,  it  is  insufficient  for  most  minicomputer  applications  —  and  that  is  where  the 
IM6100  will  be  frequently  used.  Digital  Equipment  Corporation,  the  manufacturer  of  the  PDP-8, 
recognized  the  need  for  more  memory  and  developed  an  extended  memory  control  hardware 
module  as  a  stock  item.  This  module  is,  in  effect,  a  one-of-eight  decoder  which  allows  you  to  ad- 
dress eight  4096  memory  word  banks;  at  any  time  the  extended  memory  control  unit  selects  one 
memory  bank  and  deselects  the  other  seven.  Intersil  has  an  equivalent  extended  memory  control 
unit  available,  but  its  cost  will  at  least  rival  the  cost  of  the  CPU.  This  added  cost  can  only  be 
justified  when  the  IM6100  is  being  used  to  provide  the  CPU  for  a  low-cost  minicomputer — and 
the  fact  that  the  IM6100  is  a  single-chip  LSI  device  is  purely  coincidental. 
Memory  addressing  modes  that  we  are  about  to  describe  apply  to  a  single  4096-word  memory 
bank.  If  you  have  more  than  one  such  memory  bank,  then  each  one  must  be  considered  as  a 
separate  and  distinct  entity.  This  is  important  because  the  nature  of  the  IM6100  demands  that  if 
program  memory  is  in  ROM,  then  ROM  and  RAM  must  be  present  in  external  memory.  Thus,  if 
you  have  more  than  one  memory  bank,  each  memory  bank  must  include  ROM  and  RAM. 

IM6100  MEMORY  ADDRESSING  MODES 

IM6100  memory  reference  instructions  use  absolute,  paged,  direct  addressing 
and  indirect  addressing. 

All  IM6100  instruction  object  codes  occupy  a  single  12-bit  word.  There  are  no  two -word  or 
three-word  object  codes.  AH  memory  reference  instructions  have  the  following  object  code  for- 
mat: 

111098    7654321    0 
[     |      |     1     |     1     [     |     j     1     |     1     1     Memory  reference  instruction  object  code 


1 


1  =  Address  current  page 

0  -  Address  Page  0 

1  =  indirect  address 
0  =  Direct  address 
Instruction  operation  code 


A  memory  reference  instruction  that  uses  direct  addressing  has  seven  address 
bits;  thus  memory  is  divided  into  128-word  pages.  The  memory  page  bit  gives  you 
the  option  of  directly  addressing  a  memory  word  on  Page  0,  or  within  the  instruc- 
tion's page: 


"  Page  0 
(Base  Page) 


mini  Minn 


Address 
=  PP 


This  object  code 
resides  in  Page  N 


^^.ppj 

X  =0 

1             1 

ppj 

■  Page  1 


►  Page  N 


►  PageN  +  1 
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This  is  standard,  absolute  paged  direct  addressing,  as  described  in  Volume  I,  Chapter  6. 

A  memory  reference  instruction  with  indirect  addressing  simply  takes  the  12-bit  word  accessed 
by  the  direct  memory  address  and  interprets  this  12 -bit  word's  contents  as  the  effective  memory 
address,  This  is  standard  indirect  addressing.  In  the  case  of  the  IM6100,  a  memory  reference 
instruction  can  access  an  indirect  memory  address  either  on  the  base  page  or  on 
the  instruction's  current  page. 

You  can  use  indirect  addressing  to  create  the  equivalent  of  a  two»wordf  nonpaged 
direct  addressing  Jump  instruction. 

To  do  this,  store  the  12-bit  absolute  direct  address  directly  following  the  Jump  Indirect  instruc- 
tion. This  may  be  illustrated  as  follows: 


—   Jump  occurs  to  this  memory  word 
which  may  be  anywhere  within 
4096-word  memory 

You  cannot  use  this  technique  with  any  memory  reference  instruction  other  than  a  Jump  That  is 
because  any  other  instruction  would  leave  the  Program  Counter  pointing  to  the  indirect  address 
as  the  next  object  code  to  be  executed. 

For  memory  reference  instructions  other  than  a  Jump,  reserve  a  few  memory  words  at  the  end  of 
the  current  page  to  store  indirect  addresses  This  may  be  illustrated  as  follows: 


TAD  I  7D         Access  memory  location  AODR1 


Arbitrary 

New 

31A 
31B 
31C 
31D 

37C 
37D 
37E 
37  F 

Memory 

Address 

380 

ADDR1 

ADDR2 

ADDR3 

Page 

380 
381 
382 

JMP  I  +  1         Jump  indirect  via  next  word,  i.e.,  to  New  F 


►         Store  addresses  at  end  of  page 


The  IM6100  also  has  auto-indexed  Indirect  addressing.  If  you  store  an  indirect  address 
in  any  one  of  the  eight  memory  words  with  addresses  00816  through  00F16  then,  when  the 
IM6100  CPU  fetches  this  address,  it  will  also  increment  and  return  it 

For  example,  you  can  store  the  beginning  address  of  a  table  in  memory  location  008 16.  You  can 
subsequently  read  sequential  table  words  by  indirectly  accessing  the  table.  The  IM6100 
benchmark  program  illustrates  this  use  of  auto-indexing. 

It  is  just  as  well  that  the  IM6100  has  indirect  addressing  with  auto-increment,  because  it  has  no 
Data  Counter  or  implied  memory  addressing.  Volume  I,  Chapter  6  discusses  the  problems  that 
result  from  using  direct  addressing  to  access  sequential  memory  locations  when  programs  are 
stored  in  read-only  memory, 
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Note  that  the  IM6100  makes  no  distinction  between  program  and  data  memory. 

Thus  Jump  instructions  use  exactly  the  same  memory  addressing  options  as  memory  read  or 
write  instructions.  The  concept  of  separate  program  and  data  memory  is  a  microcomputer 
phenomenon,  because  it  was  only  with  the  advent  of  the  microcomputer  that  programs  started 
to  be  stored  in  read-only  memory.  Minicomputers  use  read /write  memory  for  programs  and 
data  —  and  frequently  a  minicomputer  will  make  no  clear  separation  between  the  memory 
spaces  that  will  be  assigned  to  programs  as  against  data. 

The  way  in  which  the  IM6100  handles  subroutine  calls  represents  an  excellent  il- 
lustration of  the  fact  that  minicomputer  concepts  can  run  into  trouble  in  the  world 
of  microcomputers. 

When  a  JSR  instruction  is  executed,  the  return  address  is  stored  in  the  first  word 
of  the  subroutine's  object  code. 

The  scheme  certainly  made  sense  to  the  PDP-8  designers,  they  visualized  memory  as  a  general 
read/write  depository  for  programs  and  data  This  scheme  is  nonviable  when  programs  are 
stored  in  read-only  memory,  since  you  cannot  write  a  return  address  in  read-only  memory  In 
order  to  use  subroutines  with  an  IM6100.  you  must  origin  all  subroutines  in  read /write  memory, 
then  jump  to  a  program  sequence  stored  in  read-only  memory.  This  may  be  illustrated  as  follows: 

/BASE  PAGE  STARTS  HERE 


SUBA  0  /FIRST  WORD  OF  SUBROUTINE  SUBA 

JMP  I  •  +  1  /JUMP  INDIRECT  TO  SUBROUTINE  IN  ROM 

PPQ  /PPG  REPRESENTS  THE  STARTING  ADDRESS  IN  ROM 

*PPQ  /SUBROUTINE  ORIGIN  IN  ROM 


JMP  I  SUBA  /LAST  INSTRUCTION  OF  SUBROUTINE  IN  ROM 

/MAIN  PROGRAM  WHICH  CALLS  SUBROUTINE  SUBA 


JSR  SUBA  /SUBROUTINE  CALL 

DCA  DATA      ^  /EVENTUAL  SUBROUTINE  RETURN 

Let  us  examine  the  path  of  instruction  execution  illustrated  above 

Begin  by  looking  at  the  JSR  SUBA  instruction  in  the  main  program  which  calls  subroutine  SUBA 
SUBA  is  a  label  representing  a  location  in  the  base  page  of  memory,  When  the  JSR  SUBA  instruc- 
tion is  executed,  the  address  of  the  next  instruction,  arbitrarily  illustrated  above  as  a  DCA  instruc- 
tion, will  be  stored  in  the  memory  word  with  label  SUBA.  The  first  instruction  executed  following 
the  jump  to  subroutine  is  the  instruction  stored  in  the  memory  location  following  SUBA;  this  is  the 
JMP  I  •  +  1  instruction.  This  instruction  jumps  indirect  via  the  address  stored  in  the  next  memory 
location,  we  represent  this  memory  location's  contents  with  PPQ.  PPQ  is  Vne  address  of  the  first 
instruction  to  be  executed  within  the  subroutine  This  instruction,  and  all  subsequent  subroutine 
instructions  are  stored  in  read-only  memory.  The  last  instruction  executed  by  the  subroutine  in 
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read-only  memory  is  the  JMP  I  SUBA  instruction.  This  instruction  performs  an  indirect  jump  via 
the  address  stored  at  SUBA.  This  is  the  address  of  the  DCA  DATA  instruction.  This  execution  se- 
quence may  be  illustrated  as  follows: 

/BASE  PAGE  STARTS  HERE 


OUDA 


JMP  i  > 
PPQ     ' 


iftPQ 


JMP-h SHBA 


/MAIN  PROGRAM  WHICH  CALLS  SUBROUTINE  SUBA 


/FIRST  WORD  OF  SUBROUTINE  SUBA 
/JUMP  INDIRECT  TO  SUBROUTINE  IN  ROM 
/PPQ  REPRESENTS  THE  STARTING  ADDRESS 

IN  ROM 
/SUBROUTINE  ORIGIN  IN  ROM 


/LAST  INSTRUCTION  OF  SUBROUTINE  IN  ROM 


7 


SUBA  /SUBROUTINE  CALL 

DATA  /EVENTUAL  SUBROUTINE  RETURN 


Handling  subroutine  calls  through  RAM  has  some  non-obvious  repercussions. 

First  of  all,  at  least  the  first  page  of  every  4096- word  memory  bank  must  be  read /write  memory 
In  all  probability,  there  will  be  more  than  one  page  of  read /write  memory. 

Next,  if  you  are  going  to  initiate  subroutines  in  Page  0  RAM,  then  when  you  power  up  the 
system,  you  must  load  this  RAM  from  ROM.  This  is  because  RAM  will  lose  its  contents  when 
powered  down,  Thus,  every  restart  or  reset  procedure  must  include  the  execution  of  an  instruc- 
tion sequence  which  moves  a  block  of  data  from  ROM  to  Page  0  RAM. 

Possibly  the  most  serious  problem  associated  with  calling  subroutines  through  Page  0  RAM  is  the 
fact  that  existing  PDP-8  software  does  not  do  that.  Thus,  if  you  are  going  to  implement  programs 
in  read-only  memory,  the  existing  PDP-8  software  base  is  not  available  to  you  —  and  that  is  one 
of  the  principal  reasons  for  the  !M6100's  existence.  Converting  existing  PDP-8  programs,  so  that 
subroutines  are  called  through  Page  0  RAM,  is  not  a  simple  task.  If  you  look  again  at  the  discus- 
sion of  direct  paged  addressing  given  in  Volume  I,  Chapter  6,  you  will  see  that  there  are  very  sig- 
nificant problems  associated  with  memory  mapping.  Programs  cannot  lie  across  page  boundaries; 
therefore,  the  addition  of  a  few  instructions  to  any  one  program  can  have  serious  consequences. 
In  some  cases  it  may  be  possible  to  generate  special  assemblers  and  compilers  that  convert  exist- 
ing source  programs  into  object  programs  which  partition  memory  into  ROM  for  programs  and 
RAM  for  data,  allowing  subroutines  to  be  called  via  the  base  page  —  but  that  assumes  the  base 
page  has  free  space  available  for  this  purpose. 

IM6100  STATUS  FLAGS 

The  IM6100  has  a  single  Carry  status;  it  is  called  the  Link  or  L  status  by  PDP-8 
and  I M 6 100  literature. 

IM6100  CPU  PINS  AND  SIGNALS 

IM6100  CPU  pins  and  signals  are  illustrated  in  Figure  12-2.  Once  again,  the' minicom- 
puter ancestry  of  the  IM6 100  is  evident  from  the  complex  control  signals  input  and  output  by  the 
CPU,  Minicomputer  designers  favor  a  rich  variety  of  control  signals  on  a  System  Bus  because  that 
makes  the  job  of  designing  peripheral  device  controllers  easier  Most  microcomputers  don't  have 
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Pin  Name 
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DXO-  DX11 

Data  and  Address  Bus 

Bidirectional 

OSC  OUT 

Crystal  or 

sxternal  clock 

Input 

OSCIN 

Crystal  in  or  external  clock  grounc 

Input 

XTA,  XTB,  XTC 

External  co 

ded  minor  cycle  timing 

Output 

LXMAR 

Load  exter 
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DEVSEL 

Device  sele 
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IFETCH 

Instruction 

Fetch 
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MEMSEL 
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Execution 
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nstruction 

Output 

LINK 
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RUN/HLT 

Run/Halt  c 

orvtrol 

Input 
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RESET 
WAIT_  

Reset 
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control 
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Interrupt  re 
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Power  and 
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Figure  12-2..  IM6100  CPU  Signals  And  Pin  Assignments 

any  peripheral  devices,  and  complex  System  Busses  simply  increase  the  complexity  and  cost  of 
surrounding  the  CPU  with  support  logic.  After  examining  the  summary  of  IM6100  pins  and  sig- 
nals which  follows,  compare  it  to  the  8080A  described  in  Chapter  4;  then -compare  it  with  the 
MCS6500  described  in  Chapter  7.  The  MCS6500  represents  the  ultimate  in  simplicity.     , 

The  IM6100  has  a  single  12-bit  multiplexed  Data  and  Address  Bus  represented  by 
pins  DXO  -  DX11.  Memory  and  I/O  interface  logic  must  use  appropriate  control  signals  in 
order  to  demultiplex  data  and  addresses  off  this  single  bus, 

The  remaining  signals  can  be  divided  into  timing,  bus  control,  CPU  control,  DMA 
and  interrupt  control. 

Let  us  consider  timing  signals  first. 
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OSC  IN  and  OSC  OUT  are  clock  signal  pins.  If  you  are  using  the  interna!  clock  logic,  then  a 
crystal  must  be  connected  across  these  two  pins,.  If  you  are  using  an  externally  generated  clock 
signal,  then  it  must  be  input  via  OSC  OUT  —  OSC  IN  must  be  grounded. 

XTA,  XTB  and  XTC  are  three  timing  signals  which  are  output  for  external  logic  to 
identify  the  state  of  an  instruction's  execution.  Timing  and  states  may  be  illustrated  as 
follows; 

I  .  ■  it™ I  w  I  I  '  I  I  i 
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One  Instruction  Cycle 


Let  us  now  look  at  the  signals  output  by  the  CPU  to  define  events  on  the  System 
Bus. 

LXMAR  is  output  as  a  high  pulse  which  external  logic  can  use  to  strobe  an  address  off  the 
Data/Address  Bus. 


DEVSEL,  likewise,  is  output  as  a  low  pulse  when  information  on  the  Address/Data  Bus  must  be 
interpreted  by  I/O  devices  as  device  identification  or  I/O  operation  control.. 

IFETCH  is  output  high  for  the  duration  of  an  instruction  fetch,  FETCH  may  be  used  as  a  syn- 
chronization signal  identifying  the  beginning  of  a  new  instruction  cycle, 

MEMSEL  is  output  as  a  low  pulse  during  a  memory  reference  operation  Memory  interface  logic 
determines  whether  a  memory  read  or  a  memory  write  is  in  progress  via  the  condition  of  the 
XTA,  XTB  and  XTC  signals. 

DATAF  is  a  signal  output  high  during  the  execute  phase  of  an  instruction  that  uses  indirect  ad- 
dressing. This  signal  is  required  by  extended  memory  control  hardware  if  you  have  more  than 
4096  words  of  memory  in  your  microcomputer  system 

LINK  is  a  signal  output  at  all  times  to  represent  the  level  of  the  Link  status.  We  include  this  signal 
among  control  outputs  because  you  can  use  it  as  a  direct  external  logic  control  signal  By  execut- 
ing instructions  to  set  or  reset  the  Link  status  you  can  modify  the  level  of  this  control  signal  on  a 
real  time  basis.. 

Let  us  now  consider  the  control  signals  input  by  external  logic  to  control  CPU 
operations. 

RUN/HLT  is  a  control  input  which  allows  external  logic  to  halt  the  CPU  This  signal  is  similar  to 
the  Halt  input  switch  some  8-bit  microcomputers  have,  but  its  purpose  in  the  IM6100  is  to  give 
control  panel  logic  some  means  of  executing  program  instructions  one  at  a  time.  This  helps  in 
debugging   Whenever  the  CPU  is  running  the  RUN  control  signal  is  output  high 

RESET  is  a  typical  reset  input..  When  input  low,  it  clears  all  CPU  registers  except  for  the  Program 
Counter,  which  is  loaded  with  FFF16. 

WAIT  is  a  typical  control  input,  used  by  slow  external  logic  which  needs  to  acquire  more  time  to 
respond  to  a  memory  or  I/O  access  As  long  as  WAIT  is  input  low,  the  CPU  will  maintain  register 
and  signal  levels  but  not  advance  the  state  of  an  instruction's  execution. 
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CO,  CI,  C2  and  SKP  are  very  unusual  input  control  signals.  During  an  I/O  operation, 

that  is  while  an  IOT  instruction  is  being  executed,  external  logic  can  use  these  four  control 
signals  in  order  to  determine  CPU  operations. 

Control  signals  CO,  C1  and  C2  are  interpreted  by  the  CPU  as  follows: 
C2      C1      CO 

0        0      -X      Transfer  data  from  DXO  -  DX1 1  to  Program  Counter 
(execute  an  absolute  jump) 

0  1        X      Add  data  on  DXO  -  DX1 1  to  Program  Counter 

(execute  a  program  relative  jump) 

1  0        0      Load  data  from  DXO  -  DX1 1  to  Accumulator 

1        0        1      OR  data  from  DXO- DX11  with  Accumulator 

1         1        0      Transfer  Accumulator  contents  to  DXO  -  DX1 1,  then 

clear  Accumulator 
1         1         1      Transfer  Accumulator  contents  to  DXO  -  DX1 1 

X  represents  "don't  care",  CO  may  be  0  or  1, 
If  external  logic  inputs  SKP  low  during  an  IOT  instruction,  then  the  CPU  will  skip  the  instruction 
which  immediately  follows  the  JOT.'SKP  logic  is  separate  and  distinct  from  CO,  C1  and  C2  logic. 
Two  signals  support  DMA  operation.  External  logic  requests  DMA  access  by  inputting  a 
low  signal  via  DMAREQ.  As  soon  as  the  current  instruction  has  completed  execution  the 
CPU  responds  by  outputting  DMAGNT  high.  At  this  point  the  Data/Address  Bus  is  flo- 
ated. Externa!  logic  must  provide  all  DMA  transfer  signals,  the  only  thing  the  CPU  does  in 
response  to  a  DMA  request,  is  float  the  Data/Address  Bus  for  a  single  instruction  cycle.  The  bus 
is  floated  for  as  long  as  DMAREQ  is  held  low 

Interrupt  logic  reflects  the  IM6100  minicomputer  heritage;  Normal  interrupts  are  requested 
via  INTREQ  being  input  low.  Upon  acknowledging  an  interrupt  the  CPU  will  output 
INTGNT  high.  Microcomputers  are  no  different;  but  an  IM6100  control  panel  interrupt  request 
has  its  own  dedicated  CPREQ  signal  Microcomputers  do  not  allow  so  directly  for  the  possible 
presence  of  a  control  panel, 

Two  additional  control  signals  are  provided  to  support  the  presence  of  a  control  panel.  The 
IIS/16100  control  panel  will  have  its  own  memory  in-order  to  support  logic  required  by  switches 
and  indicators  of  the  control  panel.  Following  a  control  panel  interrupt,  CPSEL  is  output 
low  instead  of  MEMSEL,  so  that  programs  can  be  executed  out  of  control  panel 
memory;  rather  than  out  of  main  memory. 

There  is  also  an  instruction  which  reads  the  contents  of  control  panel  switches  and  ORs  them 
with  the  contents  of  the  Accumulator  SWSEL  is  output  low  in  order  to  inform  control 
panel  logic  that  switch  levels  must  be  returned  as  data  on  the  Data/Address  Bus. 
A  SUMMARY  OF  IM6100  INTERRUPT  PROCESSING 
As  we  have  just  described,  the  IM6100  has  two  separate  and  distinct  sets  of  in- 
terrupt logic:  one  for  a  control  panel,  the  other  for  general  external  logic. 

When  general  external  logic  requests  an  interrupt  by  inputting  INTREQ  low,  the  CPU  completes 
execution  of  the  current  instruction;  if  interrupts  are  enabled  it  outputs  INTGNT  high,  then  ex- 
ecutes a  JSR  instruction  to  memory  location  0 

You  must  therefore  leave  memory  location  0  free  to  store  the  interrupt  service  return  address; 
and  beginning  at  memory  location  1  you  must  have  the  instruction  sequence  which  will  be  ex- 
ecuted to  begin  the  interrupt  service  routine.  Usually  you  will  have  a  single  instruction  at  memory 
location  1  which  jumps  indirect  to  an  interrupt  service  routine  beyond  the  base  page. 
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Handling  single  levels  of  interrupt  is  quite  straightforward  with  the  IM6100.  Handling  nested  inter- 
rupts is  not  so  straightforward,  unless  you  use  an  IMG  101  Parallel  Interface  Element.  In  order  to 
handle  nested  interrupts,  you  must  creates  programmed  Stack  in  which  you  can  store  return  ad- 
dresses outside  memory  location  0, 

The  IM6101  Parallel  Interface  Element  provides  interrupt  priority  arbitration  logic,  plus  a  vectored 
interrupt  acknowledge,  The  IM6101  is  described  next. 

A  control  panel  interrupt  request  differs  from  an  external  interrupt  request  in  some  important 
ways.  First  of  ail,  the  control  panel  interrupt  request-will  be  acknowledged  even  if  the  CPU  is  in  a 
Halt  state.  Following  a  control  panel  interrupt  request  the  CPU  acknowledges  the  interrupt  by 
storing  the  return  address  in  memory  location  0  — as  it  did  for  an  external  interrupt  request. 
However,  the. control  panel  interrupt  service  routine  is  assumed  to  begin  at  memory  location 
FFF16,  in  control  panel  memory.  Control  panel  memory  is  identified  by  the  CPSEL  signal  being 
output  low  instead  of  MEMSEL  during  any  memory  reference  operation. 

THE  IM61 00  INSTRUCTION  SET 

The  IM6100  instruction  set  is  unusual  because  of  limitations  imposed  by  the  fact  that  every  single 
instruction  generates  a  single  12-bit  object  code. 

The  IM6100  is  very  deficient  in  memory  reference  instructions;  it  has  absolutely  no  immediate  in- 
structions but  it  has  an  incredible  wealth  of  register  operate  instructions  and  I/O  instructions  In- 
structions are  summarized  in  Table  12-1. 

Look  first  at  the  memory  reference  instructions.  There  is  no  simple  memory  read  instruction  or 
memory  write  instruction.  The  TAD  instruction  performs  a  binary  add  of  memory  with  the  Ac- 
cumulator, leaving  the  result  in  the  Accumulator,  In  order  to  read  the  contents  of  a  memory  word, 
you  must  clear  the  Accumulator,  and  then  add  memory  to  the  Accumulator. 

DCA  is  a  deposit  and  clear  instruction  which  is  close  to  a  memory  write.  When  this  instruction  is 
executed  the  contents  of  the  Accumulator  are  written  to  memory  and  the  Accumulator  is  then 
cleared. 

The  only  Boolean  logic  instructions  provided  AND  the  contents  of  memory  with  the  Accumulator 
You  can  also  OR  the  MQ  register  and  Accumulator  contents.  You  must  create  an  XOR  from  the 
AND.  OR  and  complement, 

There  is  a  single  Jump  instruction  which  uses  absolute,  paged  direct  or  indirect  addressing.  There 
are  no  conditional  Jump  instructions,  however,  there  are  a  wealth  of  conditional  Skip  instructions, 
In  order  to  perform  conditional  branches,  you  must  use  skip  logic. 

The  total  absence  of  immediate  instructions  results  from  the  fact  that  no  instructions  have  two 
words  of  object  code.  Where  you  would  have  used  an  immediate  instruction,  you  must  instead 
use  the  TAD  instruction  to  add  a  constant  to  the  zeroed  Accumulator.  It  is  important  to  note  that 
given  the  architecture  of  the  IM6100  CPU.  immediate  instructions  are  not  very  valuable  — and 
the  lack  of  them  is  not  consequential.  Since  you  only  have  one  Accumulator  and  no  Data  Coun- 
ters, you  do  not  need  immediate  instructions  in  order  to  load  initial  addresses  or  data. 

The  IM6100  instruction  set  and  CPU  philosophy  is  the  exact  opposite  of  COSMAC  or  the 

cMyuuz. 
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The  following  symbols  are  used  in  Table  12-1. 

A  Accumulator 

*ADDR  Addressing  operands.  *  indicates  indirect  mode  specified.  ADDR  may  be  zero  page  or 
current  page  address  as  described  in  the  text. 

CMND     Three-bit  I/O  command. 

DEV         Six- bit  Device  address 

EA  Effective  Address  generated  by  *ADDR  operands. 

IE  Interrupt  Enable  flip-flop. 

L  Link  status 

MQ  MQ  register 

PC  Program  Counter 

SR  Switch  register  —  a  12-bit  register  external  to  the  CPU. 

x  <y  >  The  yth  bit  of  the  quantity  x.  For  example.  A  <0  >  specifies  the  low  bit  of  the  Ac- 
cumulator. 

[  3  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed  with- 

in the  brackets,  then  the  designated  register's  contents  are  specified.  If  a  memory  ad- 
dress is  enclosed  within  the  brackets,  then  the  contents  of  the  addressed  memory  loca- 
tion are  specified 

A  Logical  AND 

V  Logical  OR 

—  Data  is  transferred  in  the  direction  of  the  arrow, 

Under  the  heading  of  STATUS  in  Table  12-1,  an  X  indicates  that  the  Link  is  modified  in  the 
course  of  the  instruction's  execution.  If  there  is  no  X,  it  means  that  the  Link  maintains  the  value  it 
had  before  the  instruction  was  executed. 
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The  following  symbols  are  used  in  Table  12-2. 

a  One  bit  which  determines  if  indirect  addressing  is  used 

b  One  bit  -which  determines  if  current  or  zero  page  is  used 

ccccccc       Seven-bit  page  address 

dddddd       Six-bit  device  code 

eee  Three-bit  I/O  command. 

Most  instructions  are  described  in  this  manner; 

mnemonic         xxxx 
YVY 

where  xxxx  is  the  octal  object  code  associated  with  the  mnemonic  and  yyy  is  the  hexadecimal 
object  code  associated  with  the  mnemonic.  IM6100  literature  uses  octal  notation. 

Some  instructions  have  this  form  in  the  machine  cycles  column: 

a/b/c 

a     is  the  number  of  cycles  required  using  normal  addressing 

b     is  the  number  of  cycles  required  using  indirect  addressing, 

c     is  the  number  of  cycles  required  using  auto-indexed  addressing. 
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Table  12-2,   I M 6 100  Instruction  Set  Object  Codes 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE 
CYCLES 

ACL 

7701 
FC1 

1 

1 

AND     *ADDR 

OOOabccccccc 

1,0/1.5/1.6 

BSW 

7002 

E02 

1.5 

CAF 

6007 
C07 

1.7 

CAM 

7621 
F91 

1.0 

CIA 

7041 
E21 

1 

CLA 

7200 

E80 

1 

CLA     CLL 

7300 
ECO 

1 

CLA     !AC 

7201 

E81 

1 

CLA     SWP 

7721 
FD1 

1 

CLL 

7100 

E40 

1 

CLL     RAL 

7104 
E44 

1.5 

CLL     RAR 

7100 

E48 

1.5 

CLL     RTL 

7106 
E46 

1.5 

CLL     RTR 

7112 
E4A 

1.5 

CMA 

7040 

E20* 

1 

CML 

7020 
E10 

1 

DCA     *ADDR 

01 labccccccc 

1.1/1.6/1.7 

GTF 

6004 

C04 

1.7 

GTL 

7204 
E84 

1 

HLT 

7402 

F02 

1 

IAC 

7001 

E01 

1 

IOF 

6002 
C02 

1.7 

ION 

6001 
C01 

17 

IOT     DEV.CMND 

110ddddddeee 

1 

ISZ     *ADDR 

010abccccccc 

1 

JMP     *ADDR 

10 labccccccc 

1.0/1.5/1.6 

JMS     *ADDR 

100abccccccc 

1.1/1.6/1.7 

LAS 

7604 
F84 

1.5 

MQA 

7501 

F41 

1 

1 
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Tabie  12:2.   IM6100  Instruction  Set  Object  Codes  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE 
CYCLES 

MQL 

7421 
F11 

NOP 

7000 
E00 

OSR 

7404 
F04 

1.5 

RAL 

7004 
E04 

1.5 

RAR 

7010 
EOS 

1.5 

RTF 

6004 
C04 

1.7 

RTL 

7006 
E06 

1.5 

RTR 

7012 
E0A 

1.5 

SGT 

6006 

C06 

1.7 

SKON 

6000 
COO 

1,7 

SKP 

7410 
F08 

SMA 

7500 
F40 

SMA     CLA 

7700 
FCO 

SMA     SNL 

7520 
F50 

SMA     SZA 

7540 
F60 

SMA     SZA     SNL 

7560 
F70 

SNA 

7450 
F28 

SNA     CLA 

7650 
FAS 

SNA     SZL 

7470 
F38 

SNL 

7420 
F10 

SPA 

7510 
F48 

SPA     CLA 

7710 
FC8 

SPA     SNA 

7550 
F68 

SPA     SNA     SZL 

7570 
F78 

SPA     SZL 

7530 
F58 

SRQ 

6003 
C03 

1.7 

STA 

7240 
EAO 
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Table  12-2.   IM6100  Instruction. Set  Object  Codes  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE 
CYCLES 

STL 

7120 

E50 

SWP 

,7521 
FBI 

SZA 

7440 
F20 

SZA     CLA 

7640 
FAO 

SZA     SNL 

7460 

F30 

SZL 

7430 
F18 

TAD     *ADDR 

OOlabccccccc 

1.0/1,5/1.6 
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IM6100  1/0  instructions  are  also  unusual.  At  one  extreme,  you  could  say  that  the  IM6100  only 
has  one  I/O  instruction,  which  outputs  a  9-bit  code  on  the  Data/Address  Bus,  which  external 
logic  can  interpret  in  any  way.  In  practice,  the  PDP-8  minicomputer  interprets  this  9-bit  code  as 
follows: 

11    10    987654     3210 


AAA 


I/O  operation 


Device  selected 


IOT  instruction 

If  you  are  designing  a  product  from  scratch,  there  is  no  reason  why  you  must  use  the  9- bit  code 
output  by  an  IOT  instruction  as  illustrated  above.  If  you  are  using  existing  PDP-8  software,  you  are 
forced  to  conform  to  the  above  IOT  instruction  interpretation. 

The  most  unusual  feature  of  IM6100  I/O  instructions  is  the  fact  that  external  devices  can  talk 
back  and  control  the  CPU  via  the  CO,  CI,  C2  and  SKP  control  inputs  which  we  have/already  de- 
scribed. 

THE  IM6100  BENCHMARK  PROGRAM 

The  IM6100  benchmark  program  may  be  illustrated  as  follows: 

CLEAR  THE  ACCUMULATOR 
LOAD  IO  BUF  BASE  ADDRESS  INTO 
AUTO-INCREMENT  LOCATION 
LOAD.  TABLE  FIRST  FREE  BYTE  ADDRESS 
INTO  AUTO-INCREMENT  LOCATION 
LOAD  BYTE  COUNT 
COMPLEMENT  AC  AND  INCREMENT 
SAVE  IN  RAM 
LOOP  TAD!  8  LOAD  NEXT  WORD  FROM  IOBUF 

STORE  IN  NEXT  FREE  TABLE  WORD 
INCREMENT  BYTE  COUNT  COMPLEMENT 
RETURN  FOR  MORE 
AT  END  RESTORE  NEW  TABLE  FIRST 
FREE  BYTE  ADDRESS 

The  benchmark  program  illustrated  above  uses  auto-increment  memory  locations  8  and  9  to  in- 
directly address  IOBUF  and  TABLE.  These  two  tables  can  be  of  any  length  within  the  constraints 
of  the  available  4096-word  address  space.  Three  other  words  in  the  base  page  are  reserved  to 
store  the  IOBUF  base  address,  the  address  of  the  first  free  byte  in  TABLE  and  the  byte  count  An 
additional  memory  word  in  the  base  page  is  used  to  store  the  complement  of  the  byte  count 
This  location  is  represented  by  the  label  INDEX. 


CLA 

TAD 

IOBUF 

DCA 

8 

TAD 

TABLE 

DCA 

9 

TAD 

CNT 

IAC 

CMA 

DCA 

INDEX 

TAD! 

8 

DCAI 

9 

ISZ 

INDEX 

JMP 

LOOP 

TAD 

9 

DCA 

TABLE 

THE  IM6101  PARALLEL  INTERFACE 
ELEMENT  (PSE) 

The  IM6101  Parallel  Interface  Element  should  be  viewed  as  a  necessary  adjunct 
to  the  IM61G0  CPU  —just  as  the  8228  System  Bus  Controller  should  always  be 
used  with  the  8080A  CPU. 
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The  1M6100  CPU,  being  a  copy  of  the  PDP-8  minicomputer,  has  a  number  of  features  which  are 
not  wet!  suited  to  the  average  microcomputer  application;  but  that  is  no  fault  of  the  IM6100  chip 
designer  —  his  product  was  specified  for  him.  The  IM6.101.  on  the  other  hand,  is  a  well  thought- 
out  part  that  goes  a  long  way  towards  rectifying  the  problems  that  you  are  likely  to  encounter  if 
you  try  to  design  logic  around  the  IMG  100  CPU, 

Up  to  31  IM6101  Parallel  Interface  Elements  may  be  connected  to  a  single  IM6100  CPU.  Each 
IM6101  provides  four  Flag  signal  outputs,  four  Sense  signal  inputs,  two  WRITE  output  strobes, 
and  two  READ  output  strobes  The  IM6101  also  enhances  IM6100  interrupt  processing  capability 
by  providing  an  interrupt  request  daisy  chain  along  with  vectored  ■  response  to  an  interrupt 
acknowledge. 

Figure  12-1  illustrates  the  logic  provided  by  an  IM6101  Parallel  Interface  Element 

The  IM6101,  like  all  members  of  the  IM6100  family,  is  fabricated  using  CMOS  technology;  it  re- 
quires a  single  power  supply  that  may  range  between  +  4  and  +  10V  and  is  packaged  as  a  40- 
pin  DIP. 
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F1 

LXMAR   *■ 

10 

PIE 

31 

F2 

SEL5   *- 

11 

30 

F3 

SEL6   >■ 

XTC   &> 

12 

13 

29 
28 

F4 
DEVSEL 

SEL7         >. 

14 

27 
26 

GND 
DX11 

15 

DX1    <  > 

16 

25 

<r->» 

DX10 

DX2   M   > 

17 

24 

■«-► 

DX9 

DX3    <   > 

18 

23 

<*-► 

DX8 

DX4   **-*. 

19 

22 

DX7 

DX5    <  >» 

20 

21 

DX6 

Pin  Name 

DX0  -  DX11 

LXMAR,  DEVSEL,  XTC 

C1,  C2,  SKP 

INT 

SEL3  -  SEL7 

F1  -F4 

W1,  W2 

R1(  R2 

•S1  -  S3 

PIN 

POUT 

Vcc.  GND 


Description 

Data  and  Address  Bus 
Control  signals  from  CPU 
CPU  control  signals 
Interrupt  Request 
Individual  IM6101  Select 
Control  Flags 
Write  Pulse  Lines 
Read  Pulse  Lines 
Status  Lines 
Priority  In 
Priority  Out 
Power  and  Ground 


Type 

Bidirectional 

Input 

Output 

Output 

Input 

Output 

Output 

Output 

Input 

input 

Output 


Figure  12-3,  IM6101  Parallel  Interface  Element  Signals  And  Pin  Assignments 
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IM6100  BUS  \ 


INT/SKP  -* 


V.' 


Flag  Outputs 


F2        F3 


LLLL 


I/O 
INTERFACE 


IM6100 

INTERFACE 

LOGIC 


INTERRUPT 
LOGIC 


->-     W2 


-**  R2 

SEL3 

SEL4 

SEL5 

SEL6 

SEL7 


Write  control  pulses 


Read  control  pulses 


Device  identification 


nN       I    Interrupt  priority 
POUT  /    daisy  chain 


TTTT 

S1         S2         S3        S4 

Sense/Interrupt 
Request  Inputs 

Figure  12-4,   Logic  Of  The  1M6101  PIE 

IM6101  PARALLEL  INTERFACE  ELEMENT  PINS  AND  SIGNALS 

Figure  12-3  illustrates  the  pins  and  signals  of  the  IM6101  Parallel  Interface  Ele- 
ment. We  will  combine  a  description  of  these  pins  and  signals  with  a  discussion  of 
IM6101  logic  and  capabilities.  Figure  12-4  illustrates  the  important  logic  features 
of  the  IM6101.  

You  access  an  IM6101  Parallel  Interface  Element  using  IOT 
instructions;  this  is  how  the  IM6101  will  interpret  an  IOT  instruction 
code  as  it  appears  on  the  Data/Address  Bus: 


IM6101 
PROGRAMMING 


f 


11    10   9     a    7 


5     4     3     2      1 


I'I'EI  T I  '  T  I  I  m 

1 


IOT  instruction  j 
Device  Select 
Control  Code     ' 

Bit  No. 

IOT  Instruction 


Device  Select    , 
IOT  instruction 


Standard  PDP-8 
Interpretation 


1M6101  Interpretation 


Note  that  the  Im6101  and  the  PDP-8  differ  in  their  interpretation  of  the  IOT 
instruction  code. 
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Table  12-3.  IM6101  Interpretation  Of  IOT  Instruction  Contro!  Bits  3  -  0 


CONTROL 


Bit:  3  2  10 


0000 
1  000 

00  0  1 

1  00  1 
00  10 

00  1  1 

10  10 

10  11 

0  1  OC 

0  10  1 
110  1 
1100 
0  11  0 
1110 
0  111 

1111 


INTERPRETATION 


Generate  a  low  pulse  output  on  READ1, 

Generate  a  low  pulse  output,  on  READ2. 

Generate  an  active  pulse  output  on  WRITE  1. 

Generate  an  active  pulse  output  on  WRITE2. 

Test  the  S1  status  input,.  If  it  is  active,  output,  a  low  pulse 

viaJNT/SKP,  to  be  interpreted  by  the  IM6100  CPU  as  an 

SKP  pulse. 

Test  the  S2  status  input  If  it  is  active,  output  a  low  pulse 
viaJNT/SKP,  to  be  interpreted  by  the  IM6100  CPU  as  an 
SKP  pulse. 

Test  the  S3  status  input.  If  it  is  active,  output  a  low  pulse 
viaJNT/SKP,  to  be  interpreted  by  the  IM6100  CPU  as  an  ' 
SKP  pulse. 

Test  the  S4  status  input  If  it  is  active,  output  a  low  pulse 
viaJNT/SKP,  to  be  interpreted  by  the  IM6100  CPU  as  an 
SKP  pulse. 

Place  the  contents  of  Control  Register  A  on  the  Data  Bus 
as  data.  The  IM6 100  CPU  will  OR  Control  Register  A  con- 
tents with  the  Accumulator  contents. 

Write  the  contents  of  the  Accumulator  to  Control  Register 
A. 

Write  the  contents  of  the  Accumulator  to  Control  Register 

Write  the  contents  of  the  Accumulator  to  the  Interrupt 
Vector  register 

Set  Output  Signal  F1  high  and  set  Control  Register  A 

bit  3  to  one. 

Set  Output  Signal  F3  high  and  set  Control  Register  A  bit 
1  to  one. 

Reset  Output  Signal  F1  low  and  reset  Control  Register  A 
bit  3  to  zero 

Reset  Output  Signal  F3  low  and  reset  bit  10  of  Control 
Register  A  to  zero. 


In  order  to  communicate  with  the  IM6 100  CPU,  the  IM6101  PIE  connects  to  the  1 2  Data/ Address 
Busjines  DX0  -  DX1 1;  it  also  has  the  necessary  additional  control  and  timing  signals  LXMAR, 
DEVSEL  and  XTC.  The  IMS  101  does  not  need  or  receive  timing  signals  XTA  and  XTB. 
Three  of  the  four  CPU  control  signals  are  returned:  C?,  C2and  SKP.  The  IM6101 
PIE  does  not  use  CO.  Notice  that  the  IM6101  PIE  outputs  INT  and  SKP  signals  via  a 
single  pin.  This  is  possible  because  these  two  signals  are  active  at  different  times  during  an  ,n~ 
struction  cycle.  Thus  a  low  INT  pulse  will  never  be  mistaken  for  a  skip  input  control  and  similarly 
an  SKP  will  never  be  interpreted  as  an  interrupt  request. 

The  input  signals  SEL3  -  SEL7  give  each  IM6101  its  identity.  IM6 101  logic  compares 
bits  4  through  8  of  the  IOT  instruction  with  the  signal  levels  being  input  at  SEL3  through  SEL7 
Upon  finding  a  match,  the  IM610T  considers  itself  selected,  You  will  normally  tie  signals  SEL3 
through  SEL7  individually  to  power  or  ground,  thus  permanently  defining  the  IM6101   select 
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code;  but  you  can  connect  these  signals  to  programmable  external  logic  and  thence  change  the 
IM6101  select  code  under  program  control. 

Notathat  a  zero  device  select  code  is  interpreted  by  the  IM6100  CPU  as  an  internal  instruction. 
This  device  select  code  cannot  be  used  to  select  an  IM6101;  that  is  why  only  thirty-one  IM6101 
PIEs  may  be  addressed  by  a  single  IM6100  CPU,  even  though  a  5 -bit  select  code  is  available. 

The  four  low  order  bits  of  an  IOT  instruction  object  code  are  interpreted  as  control 
information.  Table  12-3  explains  how  controls  are  interpreted. 

There  are  two  Control  registers  within  the  IM6101 :  Control  Register  A  and  Con- 
trol Register  B.  Control  Register  A  can  be  written  into  or  its  contents  can  be  read. 
Control  Register  A  contents  are  interpreted  as  follows: 


Bit  No. 

Control  Register  A 


11    10    987654321      0   ■ 

m  1 1 1  i»i  hi  in 


iliU 


A  A 


ft 


=  enable,  0  =  disable  S1  interrupts 
=  enable,  0  =  disable  S2  interrupts 
=  enable,  0  =  disable  S3  interrupts 
=  enable,  0  =  disable  S4  interrupts 

=  output  high  pulses  via  W1 

0  =  output  low  pulses  via  W1 

1  =  output  high  pulses  via  W2 
0  =  output  low  pulses  via  W2 

F1  output  level 
F2  output  level 
F3  output  level 
F4  output  level 


The  status  of  .the  four  Flag  outputs,  F1  -  F4,  is  determined  by  the  contents  of  the  four  high  order 
Control  Register  A  bits.  In  addition,  specific  control  instructions  shown  in  Table  12-3  allow  F1  and 
F3  to  be  set  or  reset.  You  can  therefore  modify  F1  and  F3  in  two  ways  —  by  executing  specific 
IOT  instructions,  or  by  loading  appropriate  information  into  the  flag  bits  of  Control  Register  A. 

Bits  5  and  7  of  Control  Register  A  determine  whether  the  Write  output  signals  W1  and  W2  will 
pulse  high  or  low.  The  actual  high  or  low  pulse,  however,  is  triggered  by  the  appropriate  write 
control,  as  defined  in  Table  12-3.  Note  that  you  cannot  select  read  pulse  levels;  when  the  ap- 
propriate IOT  instruction  pulses  one  of  the  read  lines,  the  read  pulse  will  always  be  low. 

You  use  bits  0  through  3  of  Control  Register  A  to  determine  whether  the  status  in- 
puts S1  -  S3  are  to  function  as  interrupt  requests,  or  as  statuses  which  will  trigger 
I M 6 100  CPU  skip  control  logic.  You  can  define  the  function  of  each  signal  in  any  way  and 

thus  create  any  combination  of  interrupt  requests  and  skip  controls. 

Control  Register  B  determines  what  will  constitute  an  "active"  state  for  each  of 
the  four  individual  sense  inputs.  Each  sense  input  has  two  control  bits  in  Control  Register  B, 
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one  of  which  determines  whether  signal  level  or  signal  transition  will  constitute  the  active  state; 
the  other  control  bit  determines  polarity.  Here  is  Control  Register  B  format: 


11    10    9     8     7     6      5      4     3     2     1 


I     I      H      M      I      I      I*!*!*!*!      Control  Register  B 


AAAAf^U 


1  =  A  high  level,  or  a  low-to-high 
transition  is  active 

0  =  A  low  level,  or  a  high-to-low 

transition  is  active 

1  =  Sense  a  high  or  a  tow  level 

0  ~  Sense  a  high-to-low,  or  a  low-to-high  transition 


By  appropriately  setting  the  two  bits  of  Control  Register  B  which  are  assigned  to  any  sense  input, 
you  can  cause  a  high  level,  a  low  level,  a  high-to-low  transition  or  a  low-to-high  transition  to  be 
the  active  sense  signal  state. 

Note  carefully  that  Control  Register  B  determines  what  will  constitute  an  active  sense  condition. 
Control  Register  B  does  not  hold  sense  input  information. 

Excluding  interrupt  logic,  let  us  now  summarize  the  IM6101  in  terms  of  the  inter- 
face it  presents  to  the  CPU  and  the  interface  it  presents  to  external  logic. 

To  the  CPU,  the  IM6101  is  a  simple  I/O  device;  it  does  everything  an  I/O  device  is 
supposed  to  do  and  that  is  what  is  important  —  because  the  I M 6 100  demands 
much  more  of  its  I/O  devices  than  any  of  the  8-bit  microprocessors  we  have  de- 
scribed. The  IM6101  takes  care  of  the  complex  IM6100  bus  control  signals,  and  external  logic 
beyond  the  IM6101  now  sees  a  simple  interface  consisting  of  four  control  outputs  (FL1  -  FL4), 
four  sense  inputs  or  interrupt  request  inputs  (S1  -  S4),  plus  simple  read  and  write  strobes.  This  is  a 
microprocessor  interface  we  can  recognize. 

Observe  that  the  IM6101  provides  necessary  control  logic  for  parallel  data  to  be  transferred  into  or 
out  of  an  IM6 100  microcomputer  system,  but  the  IM6 101  has  no  I/O  ports.  In  order  to  implement 
I/O  ports,  you  must  include  an  appropriate  12-bit  register  or  buffer,  then  use  the  read  or  write 
pulses  as  enable  signals. 

IM6101  INTERRUPT  HANDLING  LOGIC 

The  IM6101  has  typical  daisy  chain  priority  interrupt  logic,  implemented  via  the 
PIN  and  POUT  signals. 

PIN  must  be  a  high  input  if  an  IM6101  is  to  acknowledge  an  interrupt  request  arriving  via  one  of 
the  four  sense  lines. 

Therefore,  the  IM6101  electrically  closest  to  the  CPU  must  have  its  PIN  input  connected  to 
power,  equivalent  to  a  high  input  so  that  its  interrupt  request  logic  will  always  be  enabled.  So 
long  as  no  interrupt  request  is  active  at  this  highest  priority  IM6101,  a  high  signal  will  be  output 
via  POUT;  it  becomes  the  PIN  input  for  the  next  IM6101  in  the  daisy  chain: 


SI   S2   S3  S4 

S1   S2  S3  S4 

SI   S2  S3  S4 

HH 

titt 

mt 

IM6101 

IM6101 

IM6101 

PRIORITY  1 

PRIORITY  2 

PRIORITY  3 

(Highest) 

PIN         POUT 

PIN         POUT 

PIN         POUT 

J     L 

1 

/     \ 

1 

/     \ 

Enable                                  Enable 

F 

'riority  2 

Priority  C 

i 
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As  soon  as  an  interrupt  request  occurs  via  one  of  the  sense  lines  at  an  IM6101.  it  immediately 
sends  out  interrupt  request  low  pulses  via  INT/SKP;  simultaneously  the  IM6101  outputs  POUT 
low,  thus  disabling  all  interrupt  request  logic  at  lower  priority  PIEs  in  the  daisy  chain. 

The  IM6100  CPU  acknowledges  the  interrupt  request,  providing  interrupts  are  enabled  at  the 
CPU,  by  executing  a  "Jump-to-Subroutine  at  memory  address  000"  instruction.  Thus  the  inter- 
rupt return  address  is  stored  in  memory  location  000  and  the  instruction  object  code  stored  in 
memory  location  001  becomes  the  first  instruction  executed  following  the  interrupt 
acknowledge.  Upon  acknowledging  an  interrupt,  the  IM6100  outputs  INTGNT  high.  The  first  IOT 
instruction  executed,  of  any  type  or  to  any  device,  resets  INTGNT  low. 

So  far  this  is  elementary  daisy  chain  interrupt  request/acknowledge  logic. 

The  IM61 01  has  an  Interrupt  Vector  register  which  you  can  write  into  with  the  ap- 
propriate IOT  control  code  as  defined  in  Table  1 2-3.  The  Vector  register  contents  are  in 
terpreted  as  follows: 


Mill  I  Mil  I] 

< ^  „ ^ — ' 


51  interrupt  request 

52  interrupt  request 

53  interrupt  request 

54  interrupt  request 


■  High  order  ten  bits  of  interrupt  vector  address 


As  we  have  already  stated,  the  first  IOT  instruction  executed  by  the  IM6100 
following  an  interrupt  acknowledge  will  reset  INTGNT  low;  this  IOT  instruction's 
execution  will  simultaneously  cause  the  IM6101  which  requested  the  interrupt  to 
place  its  interrupt  vector  address  contents  on  the  Data  Bus  (DX0  -  DX11JK  The 

IM6101  also  outputs  low  signals  at  C1  and  C2;  when  the  IM6101  receives  low  inputs  at  C1  and 
C2,  it  interprets  the  Data  Bus  contents  as  an  address,  which  will  be  loaded  into  the  Program 
Counter.  Thus  program  execution  jumps  to  the  vector  address  output  by  the  IM6101. 

Normally  the  instruction  executed  out  of  memory  location  001  by  the  IM6100  will  be  a  "Disable 
Interrupt"  instruction;  this  is  an  IOT  instruction  with  object  code  C0216.  Being  an  IOT  instruction,  it 
will  cause  the  IM6101  which  requested  the  interrupt  to  force  a  branch  to  the  one  specific  memo- 
ry location  which  has  been  assigned  to  the  active  interrupt  request  line  In  this  memory  location 
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you  should  store  a  JMP  instruction,  taking  program  execution  to  the  interrupt  service  routine 
dedicated  to  the  acknowledged  interrupt  request,  This  logic  may  be  illustrated  as  follows: 


Store  return  address  following 

interrupt  service  routine  here 

"Disable  interrupts"  IOT  instruction 


Vector  Register 
Contents 


IM6100 
MEMORY 


C02 

XXX  for  S1  - 
XXX  ^f  f" 
XXX  +  3  for  S4 


JMP  ADR1 
JMP  ADR2 
JMP  ADR3 
JMP  ADR4 


000 
001 
002 
003 
004 


XXX 
XXX +1 
XXX +  2 
XXX +  3 


Memory  Address 

Read /Write 
memory 


Start  of  S1  interrupt  service  routine 


Start  of  S2  interrupt  service  routine 


Start  of  S3  interrupt  service  routine 


Start  of  S4  interrupt  service  routine 


I 


A  word  of  caution  when  handling  interrupts  with  an  IM6100;  you  must  save  the  return  address 
which  is  in  memory  location  000  if  you  are  going  to  use  subroutines  or  nested  interrupts. 
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DATA  SHEETS 


The  following  pages  contain  specific  electrical  characteristics  for  the  IM6100  and  IM6I01  PIE. 


ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage 


Input  or  Output  Voltage  Applied 
Storage  Temperature  Range 


IM6100/C  +4.0V  to  +7.0V 

IM6100A     +4  OV  to  11.0V 

GND  ~0  3VtoVcc  +0.3V 

-65°C  to  +125°C 


Operating  Temperature  Range 
Commercial 
Industrial 
Military 


0°C  to  +75°C 
-40°C  to  +85°C 
-55°Cto+125°C 


DC  CHARACTERISTICS  Vcc  =  5.0V  i 

10%  (IM6100) 

10.0V  ±  10%(IM6100A),TA 

=  Commercial,  Industrial  or  Military 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical  "1"  Input  \toltage 

v,„ 

70%  V,* 

V 

Logical  "0"  Input  Voltage 

Vl 

20%VCC 

Input  Leakage 

Ut 

OV  «s  V,«  «  Vcc 

-1.0 

1.0 

>iA 

Logical  "1"  Output  Voltage 

VoH» 

lour=0 

V^-0  01 

Logical  T  Output  Voltage 

vom 

lo„=  -0.2mA 

Z.4 

Logical  "0"  Output  Voltage 

Vou 

lcmr=0 

GND  +0  01 

Logical  "0"  Output  Ntottage 

Vou 

l0l=1.6mA 

0.45 

Output  Leakage 

lo 

OV  ss  V„  ^  Vcc 

-1.0 

MA 

Supply  Current 

Ice 

Vcc  =>  5.0  volts 
Vcc^10.0voUb 
Ct=  50pF;TA=25°C 
FctocK  =  Operating  Frequency 

2.5 
10  0 

mA 

Input  Capacitance 

CIN 

5.0 

pF 

Output  Capacitance 

Co 

8.0 

pF 

STATES  _J    T,    I 


-H'AS 


r  '        1  \  ■■■■■■.■■::,■       ■:■:■■  I         I. 


READ  DATA 

j v_ 


=  _r 


IM6100  TIMING  AND  STATE  SIGNALS 


AC  CHARACTERISTICS  (TA  =  25° 

C) ,  Derate  0.390/°C 

IM61O0 

IM6100A 

IM6100C 

Vcc  =  5.0 

Vcc  =  10.0 

Vcc  =  5.0 

PARAMETER 

SYMBOL 

tc  =  4MHi 

lc  =  8  MHz 

1,  =  3.3MHz 

UNITS 

.Major  State  Time 

Ts 

500 

250 

600 

ns 

LXMAR  Pulse  Width 

tt 

240 

120 

ns 

Address  Setup  Time 

Us 

50 

30 

280 

ns 

Address  Hold  Ttme 

Iah 

250 

125 

Access  Time  From  LXMAR 

1*1 

500 

250 

600 

Output  Enable  Time 

'EH 

240 

120 

800 

ns 

Read  Pulse  Width 

w 

700 

350 

ns 

Write  Pulse  Width 

twp 

240 

120 

ns 

Data  Setup  Time 

tn 

240 

120 

ns 

Data  Hold  Time 

tw 

100 

50 
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ABSOLUTE  MAXIMUM  RATINGS 

Supply  Voltage 
IM6101 
IM6101A 

Operating  Temperature  Range 
+12  0V              M-fStrial                /                                  -40°Cto85»C 

Military                   /                                   -55°Cto125°C 

Applied  Input  or 
Output  Voltage 

GND-o.3VtoVcc^3v  ^r10"4 

Storage  Temperature  Range 

-65°Cto150°C              IM6101A                                                              4Vto11V 

DC  CHARACTERISTICS      Vqc  =  Operating  Voltage  Range       TA  =  Temperature  Range 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical  "1"  Input  Voltage 

V|H 

70%  VCc 

V 

Logical  "0"  Input  Voltage 

V|L 

20%  VCC 

V 

Input  Leakage 

l|L 

ov<v,N<vcc 

-10 

1.0 

\xA 

Logical  "V  Output  Voltage 

vOH2 

•OUT-  0 

vcc-o.oi 

V 

Logical  "1"  Output  Voltage 

VQH1 

|QH  =  -0-2  mA 

7  A 

V 

Logical  "0"  Output  Voltage 

V0L2 

iOUT  =  o 

GND  +  0  01 

V 

Logical  "0"  Output  Voltage 

volt 

'OL  '-  2.0  mA 

045 

V 

Output  Leakage 

'0 

QV<V0<VCC 

-10 

1,0 

/iA 

Supply  Current 

•cci 

VSIM=  Vqc 

TO 

HA 

(CC2 

VCC=5V  f|M6100  =  4MHz 

1.0 

mA 

Input  Capacitance 

C| 

5 

7 

pf 

Output  Capacitance 

Co 

8 

10 

pf 

Input/Output  Capacitance 

ClD 

8 

10 

Pf 

AC  CHARACTERISTICS 

TA  =  25°  C        CL  =  50pf 

PARAMETER 

SYMBOL 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Delay  from  DEVSEL  to  READ 

»DR 

IM6101     Vcc  =  5V 
IM6101A  Vcc  =  10V 

150 
75 

ns 
ns 

Delay  from  DEVSEL  to  WRIT 

E 

*DW 

IM6101     Vcc  =  5V 
!M6101AVcc'  =  10V 

150 
75 

ns 

ns 

Delay  from  DEVSEL  to  FLAG 

tDF 

IM6101     Vcc  =  5V 
IM6101AVCc  =  tOV 

200 
100 

ns 
ns 

Delay  from  DEVSEL  to  C1,  C2 

*DC 

IM6101     VCc  =  5V 
IM6101AVcc=?10V 

200 
100 

ns 

Delay  from  DEVSEL  to  SKP/I 

AT 

tDI 

IM6101     VCC  =  5V 
!M6t01AVCc=  10V 

200 
100 

ns 

Delay  from  DEVSEL  to  DX 

tDA 

IM6101     Vcc  =  5V 
IM6101A  VCC  =  10V 

200 
100 

ns 
ns 

LXMAR  pulse  width 

*LXMAR 

IM6101     VCC  =  5V 
IM6101AVCC'  =  10V 

200 
100 

ns 

Address  setup  time 

tADDS 

IM6101     VCc  =  5V 
IM6101A  VCrj  =  10V 

50 
25 

ns 
ns 

Address  hold  time 

tADDH 

IM6101     VCC  =  5V 
IM6101AVcc=  10V 

100 
50 

ns 
ns 

Data  setup  time 

IDS 

IM6101     Vcc  =  5V 
IM6101A  VCC  =  10V 

200 
100 

ns 
ns 

Data  hold  time 

tDH 

IM6101     VCC  =  5V 
IM6101A  Vqc  =  10V 

50 
25 

ns 

ns 
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TIMING  DIAGRAM 

Timing  for  a  typical  tOT  transfer  is  shown  below.  During 
(FETCH  the  processor  obtains  from  memory  an  !OT 
instruction  of  the  form  6XXX.  During  the  IOTA  the 
processor  places  that  instruction  back  on  the  DX  lines 
(5)  and  pulses  LXMAR  transferring  address  and  control 
information  for  the  IOT  transfer  to  all  peripheral  devices. 
A  low  going  pulse  on  DEVSEL  while  XTC  is  high  (4)  is 
used    by   the   addressed  PIE  along  with   decoded  control 


information  to  generate  CT,  C2,  SKP  and  controls  for  data 
transfers  to  the  processor.  Control  outputs  READ1  and 
READ2  are  used  to  gate  peripheral  data  to  the  DX'  lines 
during  this  time.  A  low  going  pulse  on  DEVSEL  while  XTC 
is  low  (f)  is  used  to  generate  WRITE1  and  WRITE2 
controls.  These  signals  are  used  to  clock  processor  accumu- 
lator instruction  data  into  peripheral  devices, 


-IFETCH  CYCLE  - 


-IOT  INSTRUCTION  - 
-IOTA  CYCLE - 


-IOTB  CYCLE- 


futu^u^j^j^j^ij^lj^ 


■\. 
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>/v 
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"\_ 


lADDS \~-*\ 

'tDA*       H-  tDS— N-H 


READ    (NEGATIVE  POLARITY) 
WRITE    (POSITIVE  POLARITY! 


WRITE    (NEGATIVE  POLARITY) 


CFLAG 
SFLAG 


FLAG    (VIA  WCRA  COMMAND) 


T  DATA  , ""■["  SKIP    )[ 


■»»4~tDn 

—4   «DW-H- 


V 


M 


~^r 


£ 


INTERRUPT  DATA 


Sense  FF  are  sampled 
when  LXMAR  ii  high  by 
the  PIE 


Interrupts  are  sampled  by 
the  IM6100  on  the  rising 
edge  of  T2 


DX  data,  CO.  C1.  C2,  and 
SlfP  are  read  by  the  IM6100 
on  the  rising  edge  of  T3 


All  PIE  timing  is  generated  from  IM6100  signals  LXMAR, 
DEVSEL,  and  XTC.  No  additional  timing  signals,  clocks, 
or  one  shots  are  required.  Propagation  delays,  pulse  width, 
data  setup  and  hold  times  are  specified  for  direct  inter- 
facing with  the  IM6100. 
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Chapter  1 3 
THE  SMS300 


The  SMS300  is  described  by  its  manufacturer  as  a  "microcontroller"  rather  than  a 
"microprocessor".  This  distinction  draws  attention  to  the  very  unique  capabilities 
of  the  SMS300  which  make  it  the  most  remarkable  device  described  in  this  book. 
The  SMS300  is  designed  to  serve  as  a  signal  processor,  operating  at  very  high 
speed.  The  SMS300  can  handle  applications  of  this  type  at  more  than  10  times 
the  speed  of  any  other  device  described  in  this  book.  On  the  other  hand,  the 
SMS300  has  a  very  limited  ability  to  access  read/write  memory,  or  to  perform 
arithmetic  operations  —  particularly  when  handling  multibyte  arithmetic. 

If  yoirs  is  a  high  speed,  signal  processing  application,  then  give  the  SMS300  serious  considera- 
tion; otherwise,  the  SMS300  is  probably  not  for  you. 

We  describe  the  SMS300  in  Chapter  13  because  it  lies  between  the  8-bit  microcomputers  which 
we  Have  just  described,  and  the  16-bit  devices  described  in  Chapters  14  through  17.  The 
SMS^OO  accesses  program  memory  as  16-bit  words,  while  accessing  data  in  8-bit  units. 
Devices  we  are  going  to  describe  in  this  chapter  include  the  SMS300  Interpreter 
and  1  he  SMS360  IV  Byte.  The  unique  nature  of  the  SMS300  means  that  if  you  are 
goin  j  to  use  this  device,  in  all  probability  you  will  do  so  using  highly  specialized 
conf  gurations  which  Scientific  Micro  Systems  provides  as  standard  modules. 
These  modules  are  packaged  in  what  look  like  overgrown  dual  in-line  packages; 
thesb  modules  are  not  described  in  this  chapter,  but  they  are  summarized  in  Table 
13-1. 


I 

Table  13-1.  SMS300  Microcomp 

)uter  System  Modules 

•PACKAGE 

PINS 

FUNCTIONS 

CPU 

PROGRAM 
ROM 

DATA 
RAM 

IV  BYTES 

SMS330 

64- 

SMS300 

0,  512,  1024 
or  2048  words 

SMS331 

64 

512,  1024  or 
2048  words 

SMS332 

64 

256  bytes 

One  IV  Byte  used 
in    address    logic. 
128    IV    Byte    ad- 
dresses   reserved 
for  memory.               1 
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Figure  13-2.  A  Logic  Overview  Of  The  SMS300  Interpreter 

All  SMS3D0  devices  are  manufactured  using  bipolar  technology..  For  this  reason,  devices  have 
very  fast  logic;  but  conversely,  they  consume  a  great  deal  of  power 

The  principal  source  for  the  SMS300  is: 

SCIENTIFIC  MICRO  SYSTEMS,  INC. 

520  Clyde  Avenue 

Mountain  View,  CA    94043 

The  second  source  is: 

SIGNETICS 
81 1  E.  Arques  Avenue 
Sunnyvale,  CA    94086 

Note  that  even  though  Scientific  Micro  Systems  is  listed  as  the  prime  source  for  the  SMS300,  Sig- 
netics,  the  second  source,  is  the  sole  manufacturer  of  this  product  line. 


13-3 


THE  SMS300  INTERPRETER 


Figure  13-1  illustrates  that  part  of  our  general  microcomputer  logic  which  is  imple- 
mented by  the  SMS300  Interpreter.  Figure  13-2  provides  a  functional  overview  of 
this  device. 

The  SMS300  is  manufactured  using  bipolar  LSI  technology;  it  is  packaged  as  a  48-pin  DIP.  A 
single  +  5V  power  supply  is  required. 

Using  a  150  nanosecond  clock,  instructions  execute  in  300  or  600  nanoseconds.  However,  com- 
paring SMS300  instruction  execution  times  with  other  microcomputer  instruction  times  can  be 
misleading.  A  single  SMS300  instruction,  when  simply  manipulating  data,  can  be  the  equivalent 
of  five  "typical"  microcomputer  instructions;  on  the  other  hand,  it  may  take  four  or  more  SMS300 
instructions  to  perform  a  memory  access  which  could  be  accomplished  using  one  "typical" 
microcomputer  instruction. 

It  is  important  to  note  that  the  very  fast  SMS300  clock  demands  external  logic  with  appropriately 
fast  response  times.  You  are  therefore  highly  restricted  in  the  size  of  memory,  and  the  type  of  I/O 
device  which  you  can  include  in  an  SMS300  microcomputer  system. 

SMS300  ADDRESSABLE  REGISTERS 

Addressable  registers  of  the  SMS300  may  be  illustrated  as  follows: 


General  Purpose  Registers  (8  bits) 


R1 
R2 
R3 
R4 
R5 
R6 
R11 
Auxiliary  Register  (8  bits) 

]  Program  Counter  (13  bits) 


IVB  Bus  Buffer  (8  bits) 


The  seven  General  Purpose  registers  and  the  Auxiliary  register  constitute  eight 
primary  Accumulators.  The  result  of  any  ALU  operation  may  be  stored  in  the  Auxiliary 
register,  or  in  any  one  of  the  seven  General  Purpose  registers.  ALU  operations  that  require  a 
single  data  input  may  receive  this  input  from  any  General  Purpose  register,  or  from  the  Auxiliary 
register.  ALU  operations  that  require  two"  data  inputs  will  receive  the  second  data  input  from  the 
Auxiliary  register  only,. 

The  IVB  Bus  buffer  operates  as  a  source  or  destination  for  data  in  the  same  way  as  a  General  Pur- 
pose register;  it  can  be  the  destination  of  an  ALU  operation,  or  it  can  be  the  source  for  one  ALU 
input.  Strictly  speaking,  the  IVB  Bus  buffer  is  not  a  programmable  register,  in  that  there  are  no  in- 
structions that  will  simply  load  data  into  the  IVB  Bus  buffer  or  read  data  out  of  the  IVB  Bus  buffer. 
However,  any  instruction  that  outputs  data  on  the  IVB  Bus  or  reads  data  off  the  IVB 
Bus  will  also  write  into  the  IVB  Bus  buffer. 

The  strange  General  Purpose  register  numbering  reflects  instruction  object  code  interpretations 
which  we  will  describe  later  in  this  chapter.  SMS300  assembly  language  uses  register  designa- 
tions to  identify  a  number  of  operations  that  have  nothing  to  do  with  programmable  registers;  do 
not  be  confused. 

The  Program  Counter  is  thirteen  bits  wide;  thus,  a  total  of  8192  program  memory 
words  may  be  addressed.  The  Program  Counter  is  one  feature  of  SMS300  logic  which  is  not 
unusual;  at  all  times,  this  register  addresses  the  next  program  memory  location  from  which  an  in- 
struction code  will  be  fetched. 
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Scientific  Micro  Systems'  literature  describes  an  Instruction  Address  register,  but  this  is  not  a  pro- 
grammable register;  it  is  simply  a  location  within  which  effective  program  memory  addresses  are 
computed  before  being  output  to  the  program  memory. 

Observe  that  the  SMS 300  has  no  Data  Counter,  Stack  Pointer  or  other  logic  via 
which  external  data  memory  can  be  addressed. 

SMS300  STATUS  FLAGS 

The  SMS300  has  a  single  status  flag,  referred  to  in  the  manufacturer's  literature  as  the 
Overflow  (OVF)  flag.  This  flag  is,  in  fact,  a  Carry  status,  as  we  would  define  it. 

In  keeping  with  the  generally  unusual  architecture  of  the  SMS300,  the  Overflow  status  flag  is  ad- 
dressed as  though  it  were  the  low  order  bit  of  General  Purpose  Register  8  {10  octal). 

SMS300  MEMORY  ADDRESSING 

The  SMS 300  can  access  program  memory  and  I/O  devices;  the  SMS300  has  no 
logic  capable  of  addressing  data  memory. 

Program  memory  is  addressed  in  16 -bit  words;  up  to  8192  words  of 
program  memory  can  be  addressed.  You  can  address  program 
memory  in  order  to  fetch  instruction  object  codes,  but  that  is  ail  You 
cannot  store  data  tables  in  program  memory,  because  there  is  ab- 
solutely ho  way  of  transferring  the  contents  of  a  program  memory 
word  to  any  data  register.  Also,  there  is  absolutely  no  way  in  which  you  can  write  into  program 
memory. 


SMS300 
PROGRAM 
MEMORY 
ADDRESSING 


SMS300 
DATA  AND  I/O 
ADDRESSING 


All  data  and  external  logic  is  addressed  as  8-bit  data  units, 
via  512  I/O  port  addresses.  If  you  want  to  have  read/write 
memory  present  in  an  SMS300  system,  you  must  set  aside  a  block  of 
contiguous  I/O  port  addresses  in  order  to  select  individual  bytes  of 
read /write  memory;  alternatively,  you  must  access  8- bit  buffers,  via  I/O  port  addresses,  in  order 
to  create  the  memory  address  and  Data  Busses  which  are  needed  by  external  read /write  memo- 
ry. For  example,  you  could  address  65,536  bytes  of  external  read /write  memory  by  allocating  two 
8-bit  I/O  ports  to  hold  16  bits  of  data  which  will  create  a  memory  Address  Bus;  a  third  8-bit  I/O 
port  must  be  set  aside  as  a  buffer,  holding  data  being  written  out  to  external  memory  or  being 
read  from  external  memory. 


The  SMS360  Interface  Vector  Bytes  (IV  Bytes),  which  are  described  later  in       SMS360 

this  chapter,  have  been  designed  to  operate  as  I/O  ports,  read /write       IV  BYTES 

memory  and  the  SMS300  Interpreter  external  logic  interface.  Because  of    ■-— — — 

the  unique  architecture  of  the  SMS300,  and  particularly  because  of  its  very  high  speed,  you  will 

probably  find  that  the  IV  Bytes  have  no  substitutes  in  any  SMS300  microcomputer  system. 

Looking   at  the   SMS300  from  the   frame  of  reference   of  any  other       SMS360 

microcomputer  described  in  this  book,  an  IV  Byte  is  a  simple,  8-bit  parallel       IV  BYTE 

I/O  port.  But  unlike  the  I/O  ports  of  other  microprocessors,  SMS300  in-       ADDRESSING 

structions  that  access  an  I/O  port  do  not  identify  the  I/O  port  that  is  to  be      

accessed.  You  must  first  execute  an  instruction  which  selects  an  I/O  port;  then  any  instruction 
which  specifies  an  I/O  port  access  will  access  the  most  recently  selected  I/O  port,  You  can  have 
two  I/O  ports  simultaneously  selected,  since  the  SMS300  divides  a  total  of  512  addressable  I/O 
ports  into  a  left  bank  and  a  right  bank  —  within  each  bank  a  single  IV  Byte  can  be  selected. 

As  we  have  already  stated,  if  you  want  to  have  read/write  memory  present  in  an  SMS300 
microcomputer  system,  you  must  create  the  address  and  Data  Bus  required  by  the  externa! 
read/write  memory  using  IV  bytes.  This  is  no  different  than  using  I/O  ports  of  any  other 
microcomputer  system  described  in  this  book  in  order  to  create  Address  and  Data  Busses.  The 
reason  the  SMS300  can  get  away  with  such  an  apparently  clumsy  method  of  accessing 
read/write  memory  is  because  of  the  very  high  speed  of  instruction  execution  —  and  because  of 
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the  fact  that  the  SMS300  is  simply  not  designed  for  data  manipulations  that  use  a  lot  of 
read /write  memory.  For  the  type  of  signal  processing  application  that  is  well  suited  to  an 
SMS300,  512  bytes  of  external  read/write  memory  will  be  more  than  sufficient. 
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Figure  13-3,  SMS300  Interpreter  Signals  And  Pin  Assignments 

SMS300  PINS  AND  SIGNALS 

SMS300  pins  and  signals  are  illustrated  in  Figure  13-3, 

All  addresses  are  output  to  program  memory  via  the  Address  Bus  lines  AO  -  A12. 
Note  carefully  that  addresses  cannot  be  output  via  AO  -  A1 2  to  data  memory.  The 

only  time  an  address  will  be  output  via  the  Address  Bus  is  during  an  instruction  fetch  operation. 
The  fetched  instruction  object  code  will  be  returned  via  the  sixteen  instruction 
pins,  10  - 115. 

IVO  -  SV7  is  a  combined  Address  and  Data  Bus  via  which  external  logic  is  accessed 
by  the  SMS300.  You  will  find  it  easiest  to  understand  this  bus  if  you  visualize  it  as  a  multiplex- 
ed I/O  port  address  and  I/O  Data  Bus. 

The  two  control  signals,  RB  and  LB,  may  be  looked  upon  as  an  extension  to  the 

IVB  Bus  when  an  I/O  port  address,  is  being  output  via  this  bus.  Whenever  an  address  is  being 
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output  on  the  IVB  Bus,  either  ftB  or  LB  will  be  low,  while  the  other  signal  is  high.  You  can  use 
these  two  signals  in  order  to  decode  the  address  on  the  iVB  Bus  as  selecting  one  or  two  256  I/O 
port  banks.  We  will  describe  how  to  output' I/O  port  addresses,  as  against  data,  later  in  this 
chapter. 

The  WC  and  SC  control  outputs  further  define  the  contents  of  the  IVB  Bus  as 
follows: 


SC 
0 
0 

1 

1 


WC 
0 

1 

0 

1 


Data  is  input  to  the  SMS300  via  the  IVB  Bus 

Data  is  output  on  the  IVB  Bus  by  the  SMS300 

An  I/O  port  address  is  output  on  the  IVB  Bus  by  the  SMS300 

Never  output 

MCLK  is  a  synchronizing  clock  signal  which  is  output  as  a  high  pulse  during  the  last 
quarter  of  every  instruction  cycle. 


The  HALT  and  RESET  signals  are  absolutely  standard. 

When  HALT  is  input  low,  the  SMS300  will  cease  executing  instructions  until  HALT  is  input  high 
again. 


When  RESET  is  input  low  and  is  held  low  for  at  least  one  machine  cycle,  the  Program  Counter 
contents  are  set  to  zero;  subsequently  program  execution  will  begin  again  with  execution  of  the 
instruction  stored  in  memory  location  zero. 

The  two  inputs  X1  and  X2  are  used  either  to  connect  a  crystal  or  a  capacitor.  If  the 

SMS300  Interpreter  is  being  used  at  maximum  speed  (150  nanosecond  signal  frequency)  then 
you  must  connect  a  crystal  across  XI  and  X2.  if  you  are  using  a  slower  clock,  then  a  capacitor 
connected  across  these  two  inputs  will  suffice 

SMS300  INSTRUCTION  EXECUTION  AND  TIMING 

SMS300  instructions  are  executed  in  either  one  or  two  machine  cycles.  Minimum 
instruction  cycle  time  is  300  nanoseconds.  Each  instruction  cycle  is  divided  into 
75  nanosecond  quarters  as  follows: 


One  machine  cycle  (300  ns) 


r 
i 

i 


MCLK  -4" 


I 


vl 


First 

Quarter 

Input 

instruction 

via  10-115 


Second 
Quarter 


Third 
Quarter 


Input  data  via 
IVB  Bus 


I 

I 

1_ 


Fourth 

Quarter 

Output 

next 

instruction 

address  via 

A0-A12  and 

data  via 
IVB0-IVB7 


Perform  interna! 
logic  operations 

During  the  fourth  quarter  of  a  machine  cycle,  the  address  for  the  next  machine  cycle's  instruction 
object  code  is  output  via  the  Address  Bus,  A0  -  A 12, 

During  the  first  quarter  of  the  next  machine  cycle,  the  addressed  instruction  object  code  is  input 
via  the  instruction  Bus,  10-115 
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During  the  second  and  third  quarters  of  a  machine  cycle,  data  is  input  off  the  iVB  Bus-  by  the 
SMS300,  if  necessary;  then  any  internal  operations  on  data  are  performed. 

During  the  fourth  quarter,  in  addition  to  the  next  address  being  output  to  program  memory,  data 
is  output  to  the  IVB  Bus,  if  necessary, 

Within  the  rather  simple  looking  instruction  timing  illustrated  above,  some  very  complex  event  se- 
quences can  occur  as  a  result  of  the  SMS300  Interpreter's  unique  internal  logic  organization.  Tim- 
ing and  propagation  delays  are  quite  complex  and  must  be  examined  with  care  using  vendor 
literature  as  your  guide. 

The  SMS300  Interpreter's  internal  logic  is  unique  because  a  good  deal  of  it  is  distributed 
along  various  data  paths.  This  is  illustrated  in  Figure  13-2. 

Consider  the  implications  of  the  shift  merge,  rotate  and  mask  logic  positions. 

Data  entering  the  Arithmetic  and  Logic  Unit,  either  from  the  IVB  Bus 
Buffer,  or  from  a  General  Purpose  register,  must  pass  through  both  the 
rotate  and  mask  logic  The  rotate  logic  optionally  allows  the  entering  eight 
data  bits  to  be  right-rotated  by  any  number  of  bit  positions: 


SMS300 
ROTATE 
AND  MASK 
LOGIC 


The  mask  logic  optionally  allows  you  to  take  the  output  from  the  rotate  logic  and  mask  off  any 
number  of  bits,  beginning  with  the  high-order  bit 


A 

Mask  Out  -< /  \  — ►     Keep 

* '      Range  of       "V 
1  ^r  mask  options  ~^\ 

1  1  1  1  1  1  1  1  1 

Masked  out  bit  positions  are  replaced  by  0. 

Thus  the  data  entering  the  ALU  from  either  a  General  Purpose  register  or  the  IVB  Bus  register  may 
be  rotated  and  /or  masked  before  being  operated  on 

Combining  the  rotate  and  mask  logic  that  we  have  just  described,  the  input  to  the  ALU  may  be  il- 
lustrated as  follows; 


Incoming  data  shown  as 
a  continuous  cylinder  to 
illustrate  right  rotate  capability 


high  order  Any 

bit  boundary       contiguous 
sequence 
of  bits 


V 


/       range  of 
boundary 


{boundary  ^ 

I  I  II  Ml 

7     6     5     4     3      2     10 


Result  of  rotate/mask  logic 
— — -  Bit  Number 
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Suppose  an  input  is  right- rotated  five  bit  positions,  then  the  two  high  order  bits  are  masked  off; 
this  would  be  the  result: 

Bit  No. 


7 

6 

5 

4 

3 

2 

1 

0 

Initial  value: 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

After  right  rotate: 

A2 

A1 

AO 

A7 

A6 

A5 

A4 

A3 

After  mask: 

0 

0 

AO 

A7 

A6 

A5 

A4 

A3 

The  result  of  the  rotate/mask  logic  illustrated  above  becomes  an  Arithmetic  and  Logic  Unit  (ALU) 
input;  it  may  be  the  only  ALU  input  or  it  may  be  one  of  two  ALU  inputs.  If  it  is  the  only  ALU  in- 
put, it  will  simply  be  passed  through  the  ALU.  If  it  is  one  of  two  ALU  inputs,  then  the  second  in- 
put is  the  unmodified  contents  of  an  8-bit  Auxiliary  register.  You  may  Add,  AND  or  XOR  the  two 
operands: 

Auxiliary  register 
contents 


Result  of 
mask/rotate  logic 

Thus,  the  ALU  output  may  be  the  unmodified  result  of  rotate  and  mask  logic,  or  it  may  be  the 
output  from  an  arithmetic  or  logical  operation,  as  illustrated  above.  In  either  case,  the  ALU  output 
may  be  stored  in  the  Auxiliary  register,  or  in  one  of  the  General  Purpose  registers,  or  it  may  be 
output  to  the  IVB  Bus, 

Data  being  transferred  to  the  IVB  Bus  passes  through  shift  and  merge 
logic.  This  shift  and  merge  logic  combines  in  a  very  unusual  way.  ALU 
output,  if  shifted,  may  be  shifted  left  from  one  to  seven  bits.  However, 
zeroes  are  not  shifted  in  to  the  low  order  bits;  rather,  any  prior  contents  of 
the  IVB  Buffer  are  moved  into  the  vacated  bit  positions. 

In  addition,  you  can  specify  the  number  of  high  order  bits  which  will  retain  their  IVB  Buffer  values 
This  may  be  illustrated  as  follows: 


SMS300 

SHIFT 

AND  MERGE 

LOGIC 


Bit 

7 


Bit 
0 


B7  B6  etc.     |  etc.  A^  Aq    |  etc.  B^  Bq 


These  low  order  bits  equal  the  number  of  left 

shifts  specified,  and  retain  prior  IVB  buffer  bit 

contents. 
— " ---"————---—— —  Merge  specification  specifies  this  bit  field  width. 
If  sum  of  shift  left  and  merge  field  width  is  less 
■    than  8,  remaining  high  order  bits  retain  prior  IVB 
buffer  values. 

Thus  you  create  a  new  IVB  Bus  output  by  inserting  from  1  to  8  new  data  bits  anywhere  in  the  old 
data  bit  field.  In  the  illustration  above.  A]  represents  new  data  bits;  B  j  represents  old  IVB  Buffer 
bits 
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Suppose  you  specify  a  2-bit  left  shift  and  a  3-bit  merge;  this  would  be  the  result: 


,  Previous  IVB  buffer 
contents 


Figures  13-4  through  13-7  illustrate  the  four  possible  data  paths  that  may  be 
specified  by  SMS300  instructions.  In  all  four  figures,  data  entering  the  ALU  from  the  Ac- 
cumulator is  optional,  but  if  present,  requires  an  Add,  AND  or  XOR  operation  to  be  performed. 

THE  SMS300  INSTRUCTION  SET 

Manufacturer's  literature  refers  to  the  SMS300  as  having  eight  instructions  in  its 
instruction  set.  This  statement  does  a  gross  injustice  to  the  SMS300.  The  problem 
with  the  SMS300  instruction  set  is  that  we  cannot  neatly  categorize  instructions 
as  we  have  done  for  any  other  product  described  in  this  book;  one  SMS300  in- 
struction may  perform  a  data  move,  plus  five  additional  operations. 

Therefore,  in  order  to  summarize  the  SMS300  instruction  set  in  Table  13-3,  we 
list  individual  instructions  that  perform  many  operations  under  each  of  the  instruc- 
tion classes  that  may  apply. 

Table  13-3  will  help  you  understand  what  the  true  comparison  is  between  the  SMS300  instruc- 
tion set  and  other  microcomputer  instruction  sets.  However,  Table  13-3  will  do  nothing  to 
help  you  understand  SMS300  assembly  language.  This  is  because  of  the  strange  assem 
bly  language  mnemonics  adopted  by  Scientific  Micro  Systems  for  the  SMS300  Assembler,  But 
without  some  understanding  of  SMS300  instruction  code  any  further  discussion  of  assembly 
language  mnemonics  will  have  little  meaning;  therefore  let  us  take  a  look  at  these  object  codes, 
and  simultaneously  look  at  the  assembly  language  syntax  that  goes  with  them, 
The  one  general  statement  that  can  be  made  for  all  SMS300  instructions  is  that 
every  instruction  has  a  single,  16-bit  object  code;  the  3  high  order  object  code 
bits  define  the  instruction  class,  while  the  next  13  bits  provide  additional  operand 
or  qualifying  data.  This  may  be  illustrated  as  follows: 

15    14    13    12    11    10    9     8      7     6     5     4     3     2     1      0  Bit  No, 

1 1 1 1  ii  1 1 1 1 1 1 1 1  in 


1 


-Operand 

-  Instruction  Class 


Now  we  are  going  to  make  the  discussion  which  follows  conform  to  the  rest  of  this  book  by 
numbering  instruction  words  and  data  byte  bits  from  right  to  left;  and  we  are  going  to  use  hex- 
adecimal object  code  notation  Scientific  Micro  Systems'  literature,  by  way  of  contrast,  numbers 
data  words  from  left  to  right,  and  uses  a  form  of  bastardized  octal  notation  to  describe  instruction 
object  codes, 
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The  first  four  classes  of  SMS300  instructions  have  identical  object  code  formats 
which  may  be  illustrated  as  follows: 


15  U  13  12  1110  9    8     7    6    5    4    3    2    10       Bit  No 
I      1      I      1      I      I      I      I      I      I      I      I      I      I      I      |      [      Instruction  Object  Code 


Destination  definition 
Source  rotate  or  mask,  and 
destination  merge  definition 
Source  definition 

000  MOVE 

001  ADD 

010  AND 

011  XOR 

The  "Source  definition"  and  "Destination  definition"  are  defined  as  register  numbers;  since  each 
definition  is  five  bits  wide,  a  register  number  in  the  range  0016  through  1F16  (008  through  378) 
may  be  specified,  But  you  get  to  specify  a  lot  more  than  a  source  or  destination  register  Table 
13-2  summarizes  the  possibilities. 

SMS300  assembly  language  syntax  closely  follows  the  object  code  format-  this 
may  be  illustrated  as  follows: 

LABEL         OP  S.N.D 

LABEL  represents  any  normal  assembly  language  instruction  label,  as  usual,  LABEL  will  be  op- 
tional 

OP  represents  the  operation  or  instruction  mnemonic.  OP  may  be  MOVE,  ADD,  AND.  or  XOR  de- 
pending on  which  of  the  four  instructions  is  being  executed  OP  corresponds  to  bytes  15,  14  and 
13  of  the  instruction  code. 

The  assembly  language  operand  field  consists  of  three  terms  S,  N  and  D. 

With  reference  to  the  instruction  object  code  we  have  illustrated  above,  S  represents  bits  8 
through  12,  the  source  definition, 

N  represents  bits  5  through  7  which  may  provide  rotation,  mask  or  merge  parameters,  dependinq 
on  the  nature  of  S  and  D 

D  represents  bits  0  through  4  of  the  instruction  object  code  and  provides  the  destination  defini- 
tion. 

The  problem  with  the  S,  N  and  D  terms  of  the  operand  field  is  that  they  are  not  really  operands  as 
one  would  normally  define  them  in  an  assembly  language  instruction  set  These  three  fields  also 
help  identify  part  of  the  instruction  operation,  or  mnemonic  If  you  approach  SMS300  assembly 
language  realizing  that  its  operand  field  is  really  an  extension  of  the  mnemonic  field,  you  will  have 
less  trouble  understanding  individual  instructions. 

The  various  ways  in  which  a  MOVE,  ADD  and/or  XOR  instruction  may  be  executed  are  illustrated 
in  Figures  13-4  through  13-7,  Let  us  look  at  these  possibilities  in  more  detail 
When  a  register  is  specified  as  both  the  source  and  destination  of  data,  Figure 
13-4  defines  the  operation.  Referring  to  this  figure,  note  that  the  second  data  is  rotated,  but 
it  is  not  masked.  The  second  ALU  input  will  only  occur  if  you  are  executing  an  Add,  AND  or  XOR 
instruction;  and  in  each  case  the  second  ALU  input  will  be  the  unmodified  contents  of  the  Auxili- 
ary register. 

The  classes  of  instruction  illustrated  in  Figure  13-4  can  be  listed  under  the  following  categories: 

1 )     A  Register-Register  Move,  This  involves  specifying  a  Move  instruction  with  different  registers 
as  the  data  source  and  destination,  but  no  right  rotate 
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Register  Operate  By  specifying  the  same  register  as  the  source  and  destination  for  a  MOVE, 
you  can  create  a  Register  Operate  instruction  if  you  also  specify  some  degree  of  right  rota- 
tion. You  can  create  additional  Register  Operate  instructions  by  specifying  the  Auxiliary 
register  as  both  source  and  destination  for  an  Add.  AND  or  XOR  instruction. 
Register-Register  Operate.  By  specifying  an  Add.  AND  or  XOR  operation  that  does  not  use 
the  Auxiliary  register  as  both  source  and  destination,  you  create  Register-Register  Operate  in- 
structions 

Table  13-2.  SMS300  Source  And  Destination  Object  Code  Interpretations 


CODE 

INTERPRETATION 

BINARY 

OCTAL 

HEX 

SOURCE  DEFINITION 

DESTINATION  DEFINITION 

00000 

00 

00 

Auxiliary  register 

00001 

01 

01 

General  Purpose  Register  R1 

00010 

02 

02 

General  Purpose  Register  R2 

00011 

03 

03 

General  Purpose  Register  R3 

00100 

04 

04 

General  Purpose  Register  R4 

00101 

05 

05 

General  Purpose  Register  R5 

00110 

06 

06 

General  Purpose  Register  R6 

00111 

07 

07 

All  zero  input 

Output  an  8-bit  I/O  port  address 
to  a  left  bank  IV  Byte 

01000 

10 

08 

OVF  status  (low  order  bit  only) 

Not  allowed 

01001 

11 

09 

General  Purpose  Register  R11 

01010 

12 

0A 

\ 

through 

\No  operation 

01110 

16 

0E 

) 

01111 

17 

OF 

All  zero  input 

Output  an  8-bit  I/O  port  address  to 
a  right  bank  IV  Byte. 

10XXX 

2X 

1X 

Contents  of  left  bank  IV  Byte 
selected  by  most  recent  07  output 
is  loaded  into  IVB  buffer;  this 
data  is  then  right  rotated  X  bit 
positions,  on  its  way  to  the  ALU. 
IVB  buffer  holds  unrotated  input. 

ALU  output  is  shifted  left  7-X 
bit  positions.  After  passing 
through  merge  logic,  merge  logic 
output  will  be  stored  in  IVB 
buffer,  and  in  left  bank  IV  Byte 
most  recently  selected  by  an 
07  output. 

11XXX 

3X 

18 

Identical  to  10XXX,  except  that  right  bank  IV  Byte  most  recently 

to 
IF 

selected  by  a  OF  (or  17)  output  is  accessed. 

Consider  some  possibilities 

In  order  to  complement  any  register's  contents,  load  FF16  into  the  Auxiliary  register  (using  an 
XMIT  instruction),  then  XOR  the  General  Purpose  register  contents  with  the  Auxiliary  register  con- 
tents, returning  the  results  to  the  General  Purpose  register  These  two  instructions  can  be  ex- 
ecuted in  600  nanoseconds. 

You  can  AND  or  XOR  Auxiliary  register  bits,  within  a  data  byte  by  specifying  the  Auxiliary  register 
as  the  source  and  destination  for  an  AND  or  XOR  instruction  with  right  rotate.  The  ability  to  per- 
form logical  operations  on  bits  within  a  single  8-bit  unit  is  very  useful  if  you  are  treating  the  con- 
tents of  a  register  as  status,  representing  individual  signal  levels  rather  than  treating  the  bits  con- 
tiguously, as  data  items. 

Apparently  absent  instructions,  such  as  Register  Increment,  Register  Decrement,  OR  and  Com- 
pare, can  be  generated  by  using  the  Auxiliary  register  to  hold  appropriate  intermediate  data. 
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**      Mill      1      llllEllMPf     Instruction  Object  Code 
15  14  13  12  11  10  9    8    7    6    5    4   3    2    1    0      Bit  No. 


Figure  13-4.  An  SMS300  Register-ToRegister  Instruction's  Execution 

Figure  13-5  illustrates  Move,  Add,  AND  and  XOR  instructions  where  the  IVB  Bus 
is  the  data  source  and  a  General  Purpose  register  is  the  data  destination.  Referring 
to  Figure  13-5,  observe  that  the  mask  and  right  rotate  logic  are  both  involved.  Bits  5,  6  and  7  of 
the  instruction  object  code,  which  in  Figure  13-4  specify  the  amount  of  right  rotation,  in  Figure 
13-5  specify  the  degree  of  masking  which  will  occur.  Bits  8,  9  and  10  in  Figure  13-5  specify  the 
amount  of  right  rotation  which  will  occur. 

SMS300  assembly  language  mnemonics  do  not  discriminate  between  this  new  use  of  bits  5,  6 
and  7.  You  wil!  still  write  assembly  language  instructions  with  the  format: 


LABEL 


OP 


S.N.D 


S  now  defines  the  right  rotate  while  N  defines  the  masking  operation, 

Now  consider  instructions  which  specify  an  IV  byte  as  the  data  destination.  Figure  1 3-6  illustr- 
ates instructions  where  a  General  Purpose  register  is  the  instruction  source; 
Figure  13-7  illustrates  IV  byte-to-IV  byte  operations. 
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Shift 

Merge 

1 

<    ' 

I      1      1      I     1     I      1      1      1      I      1     1     1     I      1     1     I        Instruction  Object  Code 
15.14  13  12  11  10   9    8    7    6    5    4    3    2    1     0         Bit  No. 

Figure  13-5.  An  SMS300  IV'Byte-To-Register  Instruction's  Execution 

There  are  three  instruction  classes  which  include  immediate  data. 

The  XEC  instruction,  identified  by  100  in  the  three  high  order  object  code  bits,  uses  the  13 

operand  bits  to  compute  a  temporary  program  memory  address  out  of  which  the  next  instruction 

object  code  will  be  fetched.  When  an  XEC  instruction  is  executed  the  Program  Counter  contents 

are  not  incremented. 

The  NZT  instruction,  specified  by  101  in  the  three  high  order  object  code  bits,  provides  the 

SMS300  with  its  conditional  logic. 

The  XMIT  instruction,  represented  by  1 10  in  the  three  high  order  object  code  bits,  provides 

the  SMS300  with  its  immediate  instructions. 
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iniiiHiiiirrm 

15  14  13  12  11  10  9    8    7    6    5   4    3    2     1    0 


Figure  13-6.  An  SMS300  Register-To-IV  Byte  Instruction's  Execution 
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\ 


XOR  0  1  1 

AND  0  1  0 

ADD  00  1 

MOVE  0  0  0 


I  II  I  I  I  I  I  I  M  I II  I  I  I  ta«-*-«*-0* 


15  14  13  12  11  10  9    8    7   6    5  4   3   2    1    0       Bit  No. 

Figure v1 3-7.  An  SMS300  IV  Byte-To-IV  .Byte  Instruction's  Execution 
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All  three  instructions,  XEC,  NZT  and  XMIT  use  one  of  the  two  following  instruc- 
tion object  code  formats: 


Format  A: 


15    14    13    12  11    10  9     8      7     6     5     4     3     2      1      0        8jt  No 
I      I      I      I  0  |  0 1  V  |  V  J  V  |      |      I      |      |      |      I  T1     Instruction  object  code 


Format  B; 


-8  bits  of  immediate  data 
-Register  specified  by  yyy 

100  XEC 

101  NZT 
110  XMIT 


15    14   13    12  11    10  9876543210       Bit  No 
I      I      I      I      I      I      I      I      I      I      I      I      I      I      I      I      I     Instruction  object  code 


— '    5  bits  of  immediate  data 

Mask  or  merge  specification 

Right  rotate  or  left  shift  specification 

,  (10  Left  bank  IV  Byte 

(11  Right  bank  IV  Byte 
p00  XEC  (rotate  and  mask) 

——  <  101  NZT  (rotate  and  mask) 
1-1 10  XMIT  (shift  and  merge) 

For  all  three  instructions,  XEC,  NZT  and  XMIT,  the  Format  A  object  code  uses  bits  3  through  12  to 
.specify  a  General  Purpose  register,  or  the  Auxiliary  register 

The  Format  B  instruction  object  code  uses  bits  5  through  12  to  specify  the  currently  selected  left 
bank  or  right  bank  IV  byte,  where  byte  contents  will  be  subject  to  a  mask  and  a  rotate,  as  illustr- 
ated in  Figure  13-5. 

Let  us  take  another  look  at  how  the  XEC,  NZT  and  XMIT  instructions  use  the  data 
generated  by  their  operand  bits. 

The  XEC  instruction  allows  you  to  sit  in  one  object  code,  continuously  re-executing  this  single 
object  code,  while  it  points  to  another  object  code  which  actually  gets  executed,  The  address  of 
the  object  code  which  actually  gets  executed  is  computed  in  one  of.  two  ways: 
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1)     For  the  Format  A  object  code,  the  current  five  high  order  Program  Counter  bits  are  concate- 
nated with  the  8-bit  sum  of  the  specified  register  contents,  plus  the  immediate  data: 


12  11  10   98    76543210 

n 


12  11  10   98    76543210 

2)  With  the  second  object  code  format,  the  8  high  order  current  Program  Counter  bits  are  con- 
catenated with  the  5-bit  sum  of  the  immediate  data,  plus  the  rotated  and  masked  IV  byte 
data: 


12  1110   98     76543210  7    6    5    4    3    2     10 

"I  1  I  I  I  I  I  I  I  1_LLU       I  I  1  1  I  1  I  1  1°~°* 


12   11  10   9    8 


Low  order  five 
bits  of  IV  Byte 
contents,  rotated 
and  masked 


You  may  use  XEC  instructions  in  one  of  two  ways: 

1}  You  may  create  a  branch  table  of  Jump  instructions:  based  on  the  contents  of  any  General 
Purpose  register  or  IV  byte,  you  may  jump  to  one  of  256  locations  using  Format  A  instruction 
object  code,  or  one  of  32  locations  using  Format  B  instruction  object  code 

2)  External  logic  may  directly  control  the  sequence  in  which  instructions  are  executed.  The  XEC 
instruction  is  equivalent  to  a  single  instruction  which  requires  600  nanoseconds  to  ex- 
ecute: 300  nanoseconds  to  process  the  XEC  instruction's  object  code  and  another  300 
nanoseconds  to  execute  the  object  code  fetched  in  response  to  the  XEC  instruction.  If  you 
are  using  the  Format  B  instruction,  external  logic  can  use  the  second  300  nanosecond  time 
interval  to  load  new  data  into  the  selected  IV  byte.  Thus,  external  logic  can  indefinitely  control 
instruction  execution  sequence  within  an  SMS300  microcomputer  system 

The  N2T  instruction  uses  the  13  operand  bits  to  provide  a  branch  address,  and  to  identify  data 
that  will  be  tested  for  a  zero  or  a  nonzero  value;  for  a  nonzero  value. the  immediate  data  provides 
an  absolute,  paged  branch  address. 

The  Format  A  NZT  instruction  object  code  tests  the  contents  of  a  General  Purpose  register;  upon 
detecting  a  nonzero  value,  the  eight  immediate  data  bits  are  loaded  into  the  eight  low  order  Pro- 
gram Counter  bits  —  thus  causing  an  absolute  paged  branch  to  occur  within  a  256-word  pro- 
gram memory  page.  For  zero  General  Purpose  register  contents,  the  next  sequential  instruction  is 
executed  in  the  normal  way. 
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The  Format  B  NZT  instruction  tests  the  contents  of  a  selected  IV  byte,  subject  to  rotate  and  mask 
logic.  Upon  detecting  a  nonzero  result  the  five  immediate  data  bits  are  loaded  into  the  low  order 
five  Program  Counter  bits  thus  causing  an  absolute,  paged  branch  to  occur  within  a  32-word  pro- 
gram memory  page,  if  a  zero  result  is  detected,  program  execution  continues  with  the  next  se- 
quential instruction. 

Thus  the  NZT  instruction  allows  you  to  base  branch  logic  on  the  contents  of  the  Overflow  status, 
or  on  any  bit  field,  in  any  General  Purpose  register.  Auxiliary  register  or  external  addressable  loca- 
tion. We  cannot  classify  such  a  wide-ranging  instruction  as  a  single  instruction;  it  would  not  con- 
form with  the  definition  of  a  single  assembly  language  instruction  as  used  by  any  other 
microcomputer  described  in  this  book. 

In  the  case  of  the  XMIT  instruction,  the  immediate  data  gets  loaded  into  the  General  Pur- 
pose register  specified  by  a  Format  A  instruction,  or  the  externa!  IV  byte  specified  by  a  Format  B 
instruction.  In  the  case  of  a  Format  B  instruction,  the  immediate  data  is  shifted  and  merged,  as  il- 
lustrated in  Figure  13-7,  before  being  output  to  the  identified  IV  byte.  Recall  that  the  identified  IV 
byte  will  be  the  byte  most  recently  selected  by  a  Move  instruction  that  specifies  Register  7  or  F  as 
the  destination, 

The  Jump  instruction  is  the  only  one  which  remains  to  be  described;  it  is  also  the  simplest  to 
describe.  When  this  instruction  is  executed,  the  13  operand  bits  are  loaded  directly  into  the  Pro- 
gram Counter;  thus  you  perform  a  simple  unconditional  jump  to.  any  location  in  program  memory. 
Observe  that  the  SMS300  has  no  subroutine  or  interrupt  handling  logic. 

Subroutine  logic  can  be  created  using  the  XEC  instruction  and  an  appropriate  jump  table,  but  this 
is  rather  clumsy.  In  most  cases  it  will  be  simpler  to  do  without  subroutines. 

The  lack  of  interrupt  logic  is  probably  inconsequential.  Given  the  fact  that  the  SMS300  can  ex- 
ecute instructions  in  300  nanoseconds,  polling  on  status  will  invariably  be  a  satisfactory  way  of 
allowing  external  logic  to  control  events  within  the  SMS300  microcomputer  system, 

A  very  effective  way  of  allowing  external  logic  to  control  the  SMS300  microcomputer  system  is  to 
have  the  system  continuously  re-execute  an  ineffective  instruction  as  the  result  of  an  XEC,  For 
example,  the  XEC  could  point  to  an  instruction  which  simply  moves  the  contents  of  a  General 
Purpose  register  back  into  itself.  Using  Format  B  for  the  XEC  instruction,  external  logic  could 
modify  the  contents  of  the  selected  external  IV  byte  in  order  to  force  program  execution  to 
branch  in  one  of  31  different  directions. 

THE  SMS300  BENCHMARK  PROGRAM 

The  benchmark  program  we  have  been  using  throughout  this  book  is  particularly  ill  suited  to  the 
SMS300;  in  fact,  it  could  well  illustrate  a  benchmark  program  that  a  competitor  would  select  in 
order  to  make  the  SMS300  look  bad.  This  is  because  the  SMS300  is  not  good  at  memory  ad- 
dressing. The  SMS300  would  never  be  used  in  an  application  that  principally  reads  blocks  of  data 
into  read/write  memory,  then  moves  blocks  of  data  around  read/write  memory. 

The  SMS300  has  no  ability  to  address  read /write  memory;  as  we  have  already  described  earlier 
in  this  chapter,  should  you  require  the  presence  of  read/write  memory  in  an  SMS300  system, 
you  are  going  to  have  to  create  a  memory  Address  Bus  and  Data  Bus  for  the  external  read/write 
memory;  IV  bytes  must  be  used  to  create  these  busses. 
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We  will  therefore  change  the  benchmark  program  so  that  a  sequence  of  data  bytes  entering  via 
the  left  bank  IV  byte  must  immediately  be  output  via  a  right  bank  IV  byte.  The  first  byte  read  will 
be  interpreted  as  identifying  the  number  of  data  bytes  to  follow,  Now  the  benchmark  will  appear 
as  follows. 


XMIT 

XMIT 
XMIT 
MOVE 
LOOP       MOVE 
ADD 
NZT 


AUX.377 

20,0,SRCE 

30,0,DST 

R1.0.SRCE 

SRCE,0,DST 

R1.0.R1 

R1.LOOP 


LOAD  377  OCTAL  INTO  THE  AUXILIARY  REGISTER  TO 

DECREMENT  COUNTER 

SELECT  SOURCE  IV  BYTE  IN  LEFT  BANK 

SELECT  DESTINATION  IV  BYTE  IN  RIGHT  BANK 

LOAD  COUNTER  INTO  R1 

MOVE  NEXT  DATA  BYTE 

DECREMENT  COUNTER 


The  following  symbols  are  used  in  Table  13-3: 

A  Auxiliary  register 

ADDR  13-bit  address  value 

DATA5        5-bit  data  unit 

DATA8       8-bit  data  unit 

DISP5  5-bit  address  value 

DISP8  8-bit  address  value 

IV 1,  IV2       IV  Byte 

(L)  Optional  field  length  for  IV  Byte 

PC  Program  Counter 

(R)  Optional  rotate  value  for  register 

RX,RY         Any  General  Purpose  registers 

x  <y,z  >     Bits  y  through  z  of  the  specified  value.  For  example,  PC  <7,0  >  is  the  low  byte  of  the 

Program  Counter. 
[  ]  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed 

within  the  brackets,  then  the  designated  register's  contents  are  specified.  If  a  memory 

address  is  enclosed  within  the  brackets,  then  the  contents  of  the  addressed  memory 

location  are  specified, 
A  Logical  AND 

V-  Logical  Exclusive-OR 

+—  Data  is  transferred  in  the  direction  of  the  arrow, 

Under  the  heading  of  STATUS  in  Table  13-3,  an  X  indicates  OVF  is  modified  in  the  course  of  the 
instructions  execution  If  there  is  no  X,  it  means  that  the  status  maintains  the  value  it  had  before 
the  instruction  was  executed. 
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The  following  symbols  are  used  in  Table  13-4: 

a  one  bit  of  immediate  address. 

ddddd  5  bits  choosing  destination  register  or  IV  Byte. 

i  one  bit  of  immediate  data 

III  three  bits  specifying  length  of  IV  Byte  field. 

rrr         three  bits  specifying  the  number  of  rotates  performed. 

sssss     5  bits  choosing  source  register  or  IV  Byte. 

The  sssss  and  ddddd  fields  are  restricted  in  the  following  ways: 

If  sssss  or  ddddd  represents  a  register,  it  must  be  in  the  range  008  — 
If  sssss  or  ddddd  represents  an  IV  Byte,  it  must  be  in  the  range  208  - 


178. 
-37B 


Table  13-4.  SMS300  Instruction  Set  Object  Codes 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES 

ADD 

IVUL),IV2      • 

IV1,(L),RX 

RX,{L)rIV1 

OOlssssslHddddd 

2 

1 

ADD 

RX,(R),RY 

OOlsssssrrrddddd 

2 

1 

AND 

!V1,(U,IV2 
IV1,(L),RX 
RX,(U,IV1 

OlOssssslllddddd 

2 

1 

AND 

RX,(R),RY 

OlOsssssrrrddddd 

2 

1 

JMP 

ADDR 

111aaaaaaaaaaaaa 

2 

1 

MOVE 

IV1,(0,IV2 
IVUU.RX 
RX,(U,IV1 

OOOssssslllddddd 

2 

1 

MOVE 

RX,(R),RX 

OOOsssssrrrsssss 

2 

1 

MOVE 

RX,(R(,RY 

OOOsssssrrrddddd 

2 

1 

NZT 

1V1,(L},DISP5 

101sssss!llaaaaa 

2 

1 

N2T 

RX.DISP8 

10tsssssaaaaaaaa 

2 

1 

XEC 

IVUUDISP 

lOOsssssillaaaaa 

2 

1 

XEC 

RX.D1SP 

lOOsssssaaaaaaaa 

2 

1 

XMIT 

DATA5.IV1 

1  tOdddddillitiii 

2 

1 

XMIT 

DATA8 

1  tOdddddiiiiiiii 

2 

1 

XOR 

IV1,(U,iV2 
IV  1,(0.  RX 
RX,(0,1V1 

011ssssslllddddd 

2 

1 

XOR 

RX,(R),RY 

011sssssrrrddddd 

2 

1 
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UD7-0" 

1 

24 

"  vCc 

UD6  *■*->" 

;    2 

23 

*4-^»    JV7 

UD5-^->- 

3 

22 

*$— ^~   lV6 

UD4  -^->» 

4 

21    <£-*»-   |V5 

UD3  -^>- 

5 

20 

<   fr»    IV4 

UD2  -«$-&». 

6 
'    7 

SMS360 
IV  BYTE 

19 
18 

^    ft.    IV3 

-*-**   I V2 

UDO  -«$-> 
BOC    — >, 

8 
9 

17 
16 

^^.  ivo 

BIC    > 

10 

15 

«^- —  wc 

ME   £» 

|11 

14 

«$ sc 

GND    

12 

13 

«* MCLK 

Pin  Name 

Description 

lvo-iw 

IVB  Bus 

UDO - UD7 

Externa!  Logic  Data  Bus 

ME  

Master  Enable 

BIC,  BOC 

External  IV  Byte  Control  Lines 

MCLK 

Master  Clock 

SC,  WC 

IVB  Bus  Control 

VCC  GND 

Power  and  Ground 

Type 

Tristate,  Bidirectional 

Tristate,  Bidirectional 

input 

Input 

Input 

Input 


Figure  13-8.  SMS360  Interface  Vector  Byte  Signals  And  Pin  Assignments 

THE  SMS360  INTERFACE  VECTOR  BYTE 
(IV  BYTE) 

This  device  serves  as  an  I/O  port  and  IVB  Bus  interface  for  all  external  logic  com- 
municating with  the  SMS300  Interpreter. 

The  IV  Byte  is  implemented  using  a  bipolar  LSI  technology  and  is  packaged  as  a 
24-pin  DIP.  It  requires  a  single  +5V  power  supply. 

SMS360  IV  BYTE  PINS  AND  SIGNALS 

Figure  1 3-8  illustrates  the  pins  and  signals  of  the  IV  Byte.  Figure  1 3-9  illustrates 
how  an  IV  Byte  will  normally  be  used. 

IVO  -  IV7  represents  the  pins  via  which  the  iV  Byte  communicates  with  the  IVB  Bus,.  These  pins 
represent  the  IV  Byte  interface  with  the  SMS300  microcomputer  system. 

Pins  UDO  -  UD7  represent  the  8-bit  bus  via  which  the  IV  Byte  communicates  with  logic  beyond 
the  SMS300  microcomputer  system, 

ME  is  a  master  enable  signal.  This  signal  is  connected  to  LB  or  RB,  output  by  the  SMS300 
interpreter  to  distinguish  between  two  256  banks  of  I/O  ports.  ME  is  just  one  contributor  to 
device  select  logic;  we  will  describe  the  whole  IV  Byte  select  process  later; 


13-24 


IV  BYTE  -  EXTERNAL 
LOGIC  INTERFACE 


IV  BYTE  -  INTERPRETER 
INTERFACE 


Controls 
input 
external 
logic 


ols  / 
by  } 
ial     \ 


Data  Bus 

to  external 

logic 


MCLK    Master  Clock 


ME    Master  Enable 


}  Controls 
input  by 
SMS300 
Interpreter 


IVBO 


Data  Bus 
to  SMS300 
Interpreter 


Figure  13-9.  SMS360  IV  Byte  Control  Sgnals  And  Interfaces 

BIC  and  BOC  are  signals  which  control  data  flow  between  the  IV  Byte  and  exter- 
nal logic,  via  the  UD  Bus.  BIC  and  BOC  must  be  input  to  the  IV  Byte  by  external  logic.  MCLK, 
output  by  the  SMS300  Interpreter,  synchronizes  actual  data  transfers.  BIC,  BOC  and  MCLK  com- 
bine to  control  events  on  the  UD  Bus  as  follows: 


IV  Byte  output  data  to  external  logic 
External  logic  input  data  to  IV  Byte 
Disable  UD  Bus 


X  signifies  "don't  care";  the  signal  may  be  low  or  high. 
SC  and  WC  control  the  IVB  Bus  which  connects  all  IVB  bytes  with  the  SMS300  In- 
terpreter. Control  signals  SC  and  WC  are  automatically  output  by  the  SMS300  Interpreter.  BJC 
contributes  to  IVB  Bus  logic  in  order  to  resolve  access  conflicts;  external  logic  accessing  the  IV 
Byte  via  the  UD  Bus  will  have  priority  over  an  SMS300  Interpreter  access  occurring  via  the  IVB 
Bus.  As  for  UD  Bus  control  logicJVlCLK  synchronizes  data  transfers  occurring  via  the  IVB  Bus.  IVB 
Bus  control  logic  also  requires  ME  to  be  low;  observe  that  UD  Bus  logic  ignores"ME.  Combining 
SC,  WC,  BIC.  MCLK  and  ME,  this  is  how  IVB  Bus  interface  logic  responds  to  control  signals: 

SC     WC      BIC      MCLK    ME 


X 

X 

X 

X 

1 

0 

0 

X 

X 

0 

0 

1 

1 

1 

0 

1 

1 
1 

0 

1 
1 

X 

0 

1 

1 
1 
1 

0 
0 
0 

IV  Byte  not  selected;  no  operation. 

IV  Byte  must  place  data  contents  on  IVB  Bus 

IV  Byte  reads  IVB  Bus  as  data. 

IV  Byte  reads  IVB  Bus  as  a  select  address 

IV  Byte  reads  IVB  Bus  as  its  new  select  address^ 
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SMS360 
IV  BYTE 
SELECT 
LOGIC 


SMS360  IV  BYTE  OPERATION 

You  must  initialize  every  single  IV  Byte  connected  to  an 
SMS300  Interpreter  by  outputting  a  select  address  to  this  IV 
Byte. 

In  order  to  provide  an  IV  Byte  with  its  select  address,  you  must  output 

data  to  the  IV  Byte  via  the  IVB  Bus,  while  SC,  WC.  BIC  and  MCLK  are  all 

high  —  and  ME,  the  master  enable  signal,  is  low.  This  signal  combination  overrides  all  other 

select  logic  on  the  IVB  Bus  interface  of  the  IV  Byte, 

You  will  usually  want  to  provide  every  IV  Byte  in  an  SMS300  microcomputer  system  with  a  uni- 
que select  address.  You  can  give  two  IV  Bytes  the  same  select  address,  but  if  you  do,  they  will 
compete  with  each  other  during  all  IVB  Bus  accesses. 

You  will  have  to  use  some  form  of  external  logic  in  order  to  provide  an  IV  Byte  with  its  select  ad- 
dress, since  the  SMS300  Interpreter  never  outputs  SC  and  WC  high  simultaneously.  If  you  are 
going  to  provide  IV  Bytes  in  an  SMS300  microcomputer  system  with  a  single  select  address, 
which  will  apply  forever,  then  you  can  have  a  switch  or  connector  which  forces  the  WC  input  to 
IV  Bytes  high,  one  IV  Byte  at  a  time,  while  a  program  is  executed  to  write  addresses  to  the  ap- 
propriate bank  of  IV  Bytes. 

If  you  want  to  provide  IV  Bytes  with  new  select  addresses  under  program  control,  one  method 
would  be  to  set  aside  one  IV  Byte  whose  outputs  will  be  ORed  with  the  existing  WC  connections 
to  other  IV  Bytes.  You  may  write  a  mask  into  the  first  IV  Byte  in  order  to  force  another  IV  Byte's 
WC  input  high,  thus  allowing  the  second  IV  Byte  to  receive  a  new  select  address.  This  may  be  il- 
lustrated as  follows. 


From  SMS300  - 


xy1 


tVByte 


Let  us  now  look  at  dialogue  occurring  between  an  IV  Byte  and  SMS360 

the  SMS300  Interpreter  via  the  IVB  Bus.  Note  carefully  that  the  IV  BYTE 

following  discussion  applies  only  to  the  IV  Byte-SMS300  interface.  The  IV  ACCESS 

Byte-external    logic    interface    is   controlled    entirely    by   external    logic  LOGIC 
manipulating  the  BIC  and  BOC  control  signals. 

At  any  time,  just  one  IV  Byte  will  consider  itself  selected  on  the  left  bank  of  IV  Bytes,  and  just  one 
IV  Byte  will  consider  itself  selected  on  the  right  bank  of  IV  Bytes,  In  order  to  select  an  IV  Byte,  you 
execute  a  Move  instruction  which  outputs  data  to  Register  7  for  the  left  bank,  or  F  for  the  right 
bank  There  is  no  Register  7  or  F;  in  response  to  either  of  these  Move  instruction  destination 
definitions,  the  SMS300  outputs  data  on  the  IVB  Bus,  just  as  it  would  for  any  normal  data  output 
operation,  but  control  signals  SC  and  WC  are  set  to  1  and  0,  respectively.  Adesti  nation  Register 
of  7  causes  LB  to  be  output  low,  while  the  destination  address  F  causes  RB  to  be  output  low. 
Thus,  the  net  effect  of  executing  a  Move  instruction  specifying  Register  7  or  F  as  the  destination 
is  that  the  data  moved  is  the  address  of  the  IV  Byte  which  is  going  to  consider  itself  selected,  all 
other  IV  Bytes  will  at  this  time  deselect  themselves.  If  no  IV  Byte  has  a  select  address  equal  to  the 
address  output,  then  all  IV  Bytes  will  be  deselected. 

Once  an  IV  Byte  selects  itself,  it  will  remain  selected  until  a  subsequent  Move  to  Register  7  or  F 
causes  a  new  Byte  to  select  itself, 
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All  SMS300  instructions  that  specify  the  IVB  Bus  as  the  source  or  destination  of  data  will  automat- 
ically access  the  single  selected  IV  Byte  — on  the  left  or  right  bank  of  IV  Bytes,  whichever  is 
being  accessed  by  the  Move  instruction.  Table  13-2  describes  the  way  in  which  you  specify 
whether  the  IV  Byte  selected  on  the  left  bank  or  right  bank  will  be  accessed. 

Observe  that  external  logic  will  always  have  priority  over  the  SMS300,  should  both  simultaneously 
attempt  to  output  data  to  an  IV  Byte_BIC  will  be  input  low  by  external  logic  whenever  it  is  at- 
tempting to  write  to  the  IV  Byte;  but  BIC  low  inhibits  any  attempt  by  the  SMS300  Interpreter  to 
write  data  into  the  !V  Byte. 
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DATA  SHEETS 

S^StrTec^.8'^  e'eCtriCal  CharaCtenS,,CS  °f  ^  SMS3°°  lnterPreter  and 


PARAMETER  MEASUREMENT  INFORMATION 

Load  Circuit  for  Open  Collector  Outputs  i  n**  n-.„    * «     -r  ■    .  .    ^ 

i- L__ HU,S  Load  Circuit  for  Tn-state  Outputs 


FROM 
OUTPUT 

under 


Input  Waveform 


OUTPUT 
UNDER 
TEST 


I     L 


L  -  H 

1  S1  OPEN 

Z  ->  H 

*  S2  CLOSED 

H  -  L 

I  S1  CLOSED 

2  -  L 

'  S2  OPEN 

L  -  Z 

S1  CLOSED 

H  -  Z 

S2  CLOSED 

Note:  CL  includes  fixture  capacitance 
Clock  Pulse  Width 


X 


t, «  5  ns 

t(.«  5  ns 


Data  Delay  Times 

Input  Data  Referenced 


/ 


\ 


Setup  and  Hold  Times 


Data  Delay  Times 

Clock  Referenced 


|R  SMS  36S  and  363 


J 


f— x 


Output  Enable  and  Disable  Times  (Tri-state  Outputs) 


~A  ,r TowLTva 

Y     ,  sv  ENABLING 

_J     \ ENABLING 


*>1MS$ 


Waveform  #1  is  for  an  output  with  interna!  conditions  such  that  the 
output  is  low  when  the  tri-state  driver  is  enabled  Waveform  #2  is 
tor  the  opposite  condition 
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SPECIFICATIONS 

Absolute  Maximum  Ratings: 

Supply  voltage  (Note  1)    7V         Input  Voltage  (Note  1 )   5,5V 


(Limits  apply  for  Vcc  =  5  V  ±  5%  and  0°C  «  T 

TABLE  4.  DC  ELECTRICAL  CHARACTERISTICS 

=s  70°C  unless  specified  otherwise ) 

Parameter 

Symbol 

Conditions 

Limits 

Units 

Minimum 

Typical 

Maximum 

High-Level  Input  Voltage 

V.H 

2.0 

V 

Low-Level  Input  Voltage 

V,L 

8 

V 

Input  Clamp  Voltage 

Vci 

I,  =--    ~5mA 

-1 

V 

High-Level  Input  Current  (Note  2) 

ItH 

Vcc  =    5  25  V 
V,H  -    5  25  V 

10 

100 

MA 

Low-Level  Input  Current  {Note  2) 

I.L 

Vcc  =    5  25  V 

V,t  =         5  V 

-350 

-550 

ma 

Low- Level  Output  Voltage 

vot 

Vcc  =    4  75  V 
l0L  =    16  mA 

55 

V 

High-Level  Output  Voltage 

v0„ 

Vcc  =■   4  75  V 
Ioh  =    ~3  2mA 

24 

V 

Short-Circuit  Output  Current  (Note  3) 
UDBus 
IV  Bus 

1« 

Vcc  =    4  75  V 
Vcc  =    4  75  V 

-10 
-20 

mA 
mA 

Supply  Current 

Ice 

Vcc  =    5  25  V 

100 

150 

mA 

Notes: 

1  These  limits  do  not  apply  during  address  programming 

2  The  input  current  includes  the  Tri-state/Open  Collector  leakage 
(Limits  apply  for  Vcc  =  5  V  ±  5%  and  0°C  *s  TA  =s  70°C.) 


current  of  the  output  driver  on  the  data  lines 
3    Only  one  output  may  be  shorted  at  a  time 
TABLE  5.  AC  ELECTRICAL  CHARACTERISTICS 


Parameter 

Input 

Output 

Condition 

Limits 

Minimum      J      Typical       |      Maximum 

Unit 

User 
.                     Data 
PD                   Delay 
(Note  4) 

UDX 
MCLK* 

BIC+ 

IVX 

CL  =   50  pf 

25                           38 
45                           61 
40                           55 

ns 

User 

tOE                  Output 

Enable 

BOC 

UDX 

CL  =   50  pt 

18                        26                           47 

ns 

User 

loo                 Output 

Disable 

BIC 
BOC 

UDX 

CL  =   50  pf 

18                         28                           35 
16                         23                           33 

ns 

IV 
,                      Data 

PD                  Delay 
(Note  4) 

IVBX 
MCLK 

UDX 

Ct  =   50  pf 

38                           53 
46                           61 

ns 

IV 
toe                  Output 
Enable 

ME 

sc 
wc 

IVX 

C,  =   50  pf 

14                         19                           25 

ns 

IV 
too                Output 
Disable 

ME 
SC 

WC 

IVX 

C  =   50  pf 

13                          17                             32 

ns 

Minimum 
tw                  Pulse 
Width 

MCLK 
BICt 

40 
35 

ns 

Minimum 

'setup             Setup 
Time 

UDXo 
BIC* 
IVX 
ME 
SC 
WC 

(NOTE  5) 

15 
25 
55 

30 
30 
30 

ns 

Minimum 
tM0L0                Hold 
Time 

UDXo 
BIC* 
IVX 
ME 
SC 
WC 

(NOTE  5) 

25 

10 
10 
5 
5 
5 

ns 

Applies  for  SMS  360  and  361  only 
t  Applies  for  SMS  362  and  363  only 
o  Times  are  referenced  to  MCLK  for  SMS  360  and  361  and 
Notes: 


e  referenced  to  BIC  for  SMS  362  and  363 


4    Data  delays  referenced  to  the  clock  are  valid  only,  if  the  input  data  is  stable  at  the  arrival  of  the  clock  and  the  hold  lime  requirement  is  met 
5.  Setup  and  hold  times  given  are  for  "norma!"  operation  BIC  setup  and  hoid  times  are  for  a  user  write  operation  SC  setup  and  hold  times  are  far 
op^Sns  0Pe  S61UP  a"d  h0W  ,im6S  3fe  '°r  an  'V  BUS  Wri'e  °pera,i0n  ME  setup  and  ™d  ,,mes  «^Pbom  IV  wrlie  and  se£. 
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Address  Programming 

The  IV  Byte  is  manufactured  such  that  an  address  of  all 
high  levels  {>  2  V)  on  the  IV  Data  Bus  inputs  matches 
the  Byte's  internal  address  To  program  a  bit  so  a 
low-level  input  (<  0,8  V)  matches,  the  following 
procedure  should  be  used: 

1  Set  all  control  inputs  to  their  inactive  state  (B!C  = 
BOC  =  ME  =  Vcc,  SC  -  WC  =  MCLK  =  GND) 
Leave  all  IV  Data  Bus  I/O  pins  open 

2  Raise  Vcc  to  7.75  V  ±  ,25  V. 

3  After  Vcc  has  stabilized,  apply  a  single  programming 
pulse  to  the  User  Data  Bus  bit  where  a  low-level 
match  is  desired  The  voltage  should  be  limited  to  18 
V;  the  current  should  be  limited  to  75  mA  Apply  the 
pulse  as  shown  in  Diagram  1 


address,  ME  =  WC  =  L,  SC  =  MCLK  -  H),  If  the 
proper  address  has  been  programmed,  data 
presented  at  the  IV  Bus  will  appear  inverted  on  the 
User  Bus  outputs.  (Use  normal  Vcc  and  input  voltage 
for  verification.) 

After  the  desired  address  has  been  programmed,  a 

second  procedure  must  be  followed  to  isolate  the 

address  circuitry  The  procedure  is: 

1 .  Set  Vcc  and  all  control  inputs  to  0  V.  {Vcc  -  BIC  = 
BOC  =  ME  -  SC  -  WC  =  MCLK  =  0  V).  Leave  all 
IV  Data  Bus  I/O  pins  open. 

2    Apply  a  protect  programming  pulse  to  every  User 
Data  Bus  pin,  one  at  a  time.  The  voltage  should  be 
limited  to  14  V;  the  current  should  be  limited  to  150 
mA  Apply  the  pulse  as  shown  in  Diagram  2 


DIAGRAM  1,  ADDRESS  PROGRAMMING  PULSE 

4,  Return  Vcc  to  0  V  (Note  6) 

5  Repeat  this  procedure  for  each  bit  where  a  low-level 
match  is  desired. 

6  Verify  that  the  proper  address  is  programmed  by 
setting  the  Byte's  status  latch  (IV0-IV7  =  desired 


DIAGRAM  2.  PROTECT  PROGRAMMING  PULSE 


Verify  that  the  address  circuitry  is  isolated  by  applying 
7  V  to  each  User  Data  Bus  pin  and  measuring  less 
than  1  mA  of  input  current  The  conditons  should  be 
the  same  as  in  step  1  above  The  rise  time  on  the 
verification  voltage  must  be  slower  than  100  fxs. 


TABLE  6,  PROGRAMMING  SPECIFICATIONS 


Parameter 

Symbol 

Conditions 

Limits 

Units 

Minimum       |     Typical       j     Maximum 

Programming  Supply  Voltage 
Address 
Protect 

Vcc 

7  5                                                    8  0 
0 

V 
V 

Programming  Supply  Current 

Iccp 

Vccp  =   8  0  V 

250 

mA 

MAX  TIME  Vcc,  >  5  25  V 

10 

s 

Programming  Voltage 
Address 
Protect 

17  5                                               18  0 
135                                                  14:0 

V 
V 

Programming  Current 
Address 
Protect 

75 
150 

mA 

mA 

Programming  Pulse  Rise  Time 
Address 
Protect 

1                                                    1 
100 

MS 
us 

Programming  Putse  Width 

5                                                    1 

ms 

Notes: 

6    If  all  programming  can  be  done  h 


less  than  1  second,  Vcc  may  remain  at  7  75  V  for  the  entire  programming  cycle 


1.3-30 


Chapter  14 
THE  NATIONAL  SEMICONDUCTOR 

PACE 


PACE  was  developed  by  National  Semiconductor  as  a  single  chip  implementation 
of  the  multi-chip  IMP-16.  Since  it  was  the  first  16-bit,  single  chip  microprocessor, 
PACE  is  the  first  16-bit  microprocessor  described  in  this  book. 

PACE  is  a  1 6-bit  microprocessor  because  it  handles  data  in  1 6-bit  units.  In  many  ways 
however,  the  internal  architecture  of  PACE  has  an  8-bit  orientation;  and  this  is  some- 
thing you  should  keep  in  mind  while  reading  this  chapter,  because  it  does  result  in 
PACE  having  program  execution  speeds  that  are  comparable  to,  rather  than  being  sig- 
nificantly faster  than,  the  8-bit  microprocessors  we  have  described  in  earlier  chapters. 
Philosophically,  PACE  is  a  CPU  that  provides  numerous  control  signals,  and 
therefore  assumes  that  you  will  use  standard  logic  for  the  rest  of  the  microcom- 
puter system  rather  than  relying  upon  a  family  of  special  devices.  However,  the 
majority  of  the  PACE  signals  and  pins  are  not  TTL  compatible;  therefore  the  CPU 
must  be  surrounded  by  supporting  devices  that  make  appropriate  signal  conver- 
sions. Although  these  supporting  devices  can  consist  of  standard  logic,  National 
Semiconductor  provides  several  special  support  devices  that  simplify  system 
design. 

The  only  current  manufacturer  for  PACE  is: 

NATIONAL  SEMICONDUCTOR,  INC. 

2900  Semiconductor  Drive 

Santa  Clara,  CA  95050 

Although  there  is  an  agreement  between  Rockwell  International  and  National  Semicon- 
ductor to  exchange  microcomputer  technical  information  and  produce  each  other's 
products,  at  the  present  time  Rockwell  International  has  not  elected  to  second  source 
PACE. 

As  shown  in  Figure  14-1,  a  typical  PACE  microcomputer  will  consist  of  a  mixture  of 
special-purpose  PACE  support  devices  and  standard  devices.  The  PACE  microcom- 
puter devices  described  in  this  chapter  consist  of: 

•  The  PACE  CPU 

•  The  System  Timing  Element  (STE),  which  generates  clock  signals  for  PACE  and 
the  system. 

•  The  Bidirectional  Transceiver  Element  (BTE),  which  converts  the  MOS-level 
PACE  signals  to  TTL-level  signals  for  other  devices.  The  BTE  is  8  bits  wide. 

•  The  Microprocessor  Interface  Latch  Element  (MILE),  which  provides  an  8-bit 
bidirectional  latched  interface  between  the  PACE  System  Bus  and  external 
devices. 

The  remainder  of  the  functional  blocks  shown  in  Figure  14-1  can  be  implemented  with 
standard  logic  or  with  devices  from  other  microcomputer  families. 
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The  PACE  CPU  requires  +5V,  +8V  and  -12V  power.  The  +8V  is  a 
substrate  voltage  requirement  of  the  CPU  and  can  be  derived  from 
the  +5V  power  using  a  few  discrete  components.  Therefore  a 
PACE  system  can  be  implemented  using  only  two  primary  power 
supplies:  +5V  and  -12V. 


PACE 

POWER 

SUPPLY 


PACP 

INSTRUCTION 
EXECUTION 
SPEED 


PACE  (IPC-16A/520D)  uses  a  750  nanosecond  clock  to  pro- 
vide typical  instruction  execution  times  in  the  range  of  12  to 
30  microseconds.  Before  making  direct  comparisons  of  these  in- 
struction execution  times  with  those  of  other  devices,  however, 
note  carefully  that  because  of  the  16-bit  architecture  of  PACE  it 
may  take  many  instructions  on  another  microcomputer  to  perform  the  same  operations 
as  a  single  PACE  instruction. 

MOS  level  signals  are  input  and  output  by  PACE. 

P-channel  silicon-gate,  MOS/LSI  technology  is  used  with  PACE. 

A  PACE  MICROCOMPUTER  SYSTEM  OVERVIEW 

Figure  14-1  conceptually  illustrates  a  PACE  system. 

As  with  any  mini-  or  microcomputer  system,  the  CPU  outputs  data,  address  and 

control  signals.  In  the  case  of  PACE,  the  data  and  address  signals  use  the  same 

bus  lines;  therefore,  they  are  said  to  be  multiplexed. 

Timing  signals  needed  by  PACE  are  generated  by  the 
System  Timing  Element  (STE).  PACE  signals  are  all  MOS 
level;  the  STE  therefore  generates  two  sets  of  timing  sig- 
nals; one  set  are  MOS  level,  for  PACE,  the  other  set  are 
TTL  level  for  external  logic. 


THE  SYSTEM 
TIMING 
ELEMENT  (STE) 


Since    PACE    signals    are    MOS    level.    Bidirectional      THE 
Transceiver  Elements  (BTEs)  must  be  present  to  translate      BIDIRECTIONAL 
out-going  signals  from  MOS  to  TTL  levels,  and  to  translate      TRANSCEIVER 
incoming  signals  from  TTL  to  MOS  levels.  BTEs  are  quite  in-       ELEMENT  (BTE) 

discriminating  in  the  signals  they  translate;  in  either  direction, 
any  signal  arriving  at  an  input  pin  is  faithfully  reproduced  at  the  corresponding  output 
pin.  Control  signal  options  allow  a  BTE  to  operate  bidirectionaliy,  to  drive  output  signals 
only,  or  to  place  both  the  MOS  and  TTL  outputs  in  a  high-impedance  mode.  Since  the 
BTE  is  8  bits  wide,  two  BTEs  operating  bidirectionaliy  provide  buffering  for  the  16-bit 
Address/Data  Bus.  A  third  BTE,  operating  in  the  drive-only  mode,  provides  buffering  for 
the  PACE  control  signals  (NADS,  ODS,  IDS,  and  Flags). 

As  compared  to  microcomputers  with  TTL  level  logic,  PACE  may  appear  to  be  han- 
dicapped by  the  need  for  BTE  devices;  this  is  only  true  in  very  small  systems. 

Typically,  microcomputers  that  output  TTL  level  signals  have  a  very  limited  load;  at 
most  eight  devices  may  be  driven  by  the  TTL  level  signals  before  buffer  amplifiers  are 
required.  The  BTE,  on  the  other  hand,  can  handle  up  to  30  TTL  level  loads;  therefore,  for 
more  complex  microcomputer  applications  (and  these  are  the  applications  for  which 
PACE  is  intended}  the  presence  of  BTEs  constitutes  no  penalty,  since  the  BTEs  serve  as 
buffer  amplifiers. 


A  complete  TTL  level  bus  is  created  by  combining  BTE  out-       TTL  LEVEL 
puts  with  the  TTL  level  timing  signals  output  by  the  STE.       PACE  BUS 

Remember,  though,  that  the  16  address/data  lines  are  multiplex- 
ed. External  logic  that  can  demultiplex  these  lines  and  that  can  respond  to  the  PACE 
timing  and  control  signal  logic  can  connect  directly  to  the  TTL  level  address/data  lines. 
For  example.  National  Semiconductor  provides  ROM  and  RAM  devices  with  on-chip  ad- 
dress latches;  these  devices  can  interface  directly  to  the  TTL  level  bus. 
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INTERRUPT 
AND  JUMP 
CONDITIONS 


Figure  14-1.  A  National  Semiconductor  PACE  Microcomputer  System 
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If  memory  devices  or  I/O  ports  are  used  that  cannot  demultiplex  ADDRESS 

the  address/data  lines,  you  must  provide  separate  logic  to  perform  LATCHES 

this  function  No  special  PACE  family  devices  are  available  for  this  AND 

purpose;  however,  standard  logic  devices  can  be  used.  For  exam-  DECODERS 

pie,  two  hex  flip-flop  devices  and  a  quad  flip-flop  device  would       •■-——-■—<— 
provide  a  latched  16-bit  Address  Bus.  The  PACE  Address  Data  Strobe  (NADS)  signal 
can  be  used  as  the  CLK  input  to  the  flip-flops.  In  many  systems  this  is  the  most  effective 
approach  since  a  latched  Address  Bus  allows  you  to  use  simpler  address  decoding 
techniques  to  generate  memory  chip  enable  and  I/O  port  select  signals. 


THE 

MICROPROCESSOR 
INTERFACE  LATCH 
ELEMENT  (MILE) 


The  Microprocessor  Interface  Latch  Element  (MILE)  is  a 
bidirectional  I/O  port  with  chip  select  logic  and  status 
signals.  The  MILE  latches  data  from  the  TTL  Address/Data 
Bus  for  retransmission  to  peripheral  devices,  and  captures 
data  from  peripheral  devices  for  input  to  PACE  The  MILE  is  the  only  true  general-pur- 
pose device  in  the  PACE  family  of  microcomputer  support  devices.  In  Figure  14-1, 
several  other  devices  are  listed  in  the  I/O  port  section  along  with  the  MILE.  We  have 
done  this  to  indicate  that  the  I/O  port  function  can  also  be  implemented  using 
devices  from  other  microcomputer  families.  Towards  the  end  of  this  chapter,  we 
will  decribe  the  use  of  these  other  devices  within  a  PACE  microcomputer  system. 

In  Figure  14-2,  the  BTEs  are  shown  as  providing  a  thin  slice  THE 

through  memory  and  I/O  port  interface  logic;  this  is  symbolic  BIDIRECTIONAL 

of  the  fact  that  BTEs  are   providing  MOS-TTL  signal   level  TRANSCEIVER 

translations.  ELEMENT  (BTE) 


Memory  interface  and   I/O  port  interface   logic  is  shown   in 

Figure  14-1   as  being  only  partially  present.  You  will  need  additional  logic  in  most 

systems  to  demultiplex  the  Address/Data  Bus. 

The  bidirectional  data  pins  of  the  Microprocessor  Interface  Latch 
Elements  (MILEs)  constitute  the  actual  PACE  I/O  ports, 


PACE  PROGRAMMABLE  REGISTERS 

PACE  has  four  16-bit  Accumulators  and  a  16-bit  Program 
Counter;  these  registers  may  be  illustrated  as  follows: 


PACE 

I/O 

PORTS 


ACO 

Primary  Accumulator 

AC1 

Secondary  Accumulator 

AC2 

Secondary  Accumulators 

AC3 

and  Index  Registers 

PC 

Program  Counter 

Accumulator  ACO  may  be  likened  to  a  primary  Accumulator  as  described  for  our 
hypothetical  microcomputer  in  Volume  I. 

Accumulator  AC1  is  a  secondary  Accumulator. 

Accumulators  AC2  and  AC3  are  equivalent  to  a  combination  of  secondary  Ac- 
cumulators and  Index  registers. 

Recall  from  Volume  I,  Chapter  6  that  an  Index  register  differs  from  a  Data  Counter  in 
that  the  Index  register  contents  are  added  to  a  displacement  {which  is  provided  by  a 
memory  reference  instruction)  in  order  to  determine  the  effective  memory  address. 

The  Program  Counter  serves  the  same  function  in  a  PACE  system  as  it  does  in  our 
hypothetical  microcomputer  described  in  Volume  I. 
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PACE  STACK 

A  Stack  is  provided  on  the  PACE  chip.  The  Stack  is  16  bits  wide  and  10  words 
deep.  The  PACE  Stack  is  not  a  cascade  stack,  as  described  in  Volume  I,  Chapter  6; 
rather,  chip  logic  maintains  its  own  Stack  Pointer  to  identify  the  next  free  Stack  word. 
The  Stack  Pointer  is  automatically  incremented  and  decremented  in  response  to  Push 
and  Puil  operations  Stack  Push  and  Pull  operations  are  initiated  by  PACE  logic  during 
execution  of  Jump-to-Subroutine  (JSR)  and  Return-from-Subroutine  (RTS)  instructions, 
and  during  interrupt  processing  to  automatically  save  and  restore  the  Program  Counter 

in  addition,  the  Stack  can  be  used  for  temporary  storage  of  data  or  status  informa- 

tion.There  are  PACE  instructions  which  allow  you  to  transfer  words  between  the  Stack 
and  any  Accumulator,  or  the  Status  and  Control  Flag  register.  This  capability  can  sig- 
nificantly reduce  the  number  of  memory  accesses  required  (thus  increasing  system 
speed)  and  can  also  reduce  read/write  memory  requirements  since  intermediate  values 
can  be  stored  on  the  Stack, 


PACE  STACK 
INTERRUPTS 


Whenever  the  Stack  becomes  completely  filled  or  emptied,  an 
Interrupt  Request  is  generated  on  the  PACE  chip.  If  you  have 
enabled  Stack  Interrupts,  program  execution  will  be  suspended 
allowing  you  to  deal  with  the  situation.  This  is  an  example  of  the  minicomputerlike 
philosophy  behind  PACE.  A  microcomputer-oriented  designer  might  conclude  that  a 
Stack  Full  or  Empty  condition  represents  a  programming  error,  and  as  such,  CPU  real 
estate  should  not  be  wasted  upon  reducing  front-end  programming  costs.  However,  the 
PAGE  philosophy  assumes  that  you  may  be  using  the  Stack  as  an  easily  accessible  ex- 
tension of  read/write  memory,  instead  of  just  for  storage  of  the  Program  Counter  during 
subroutine  execution.  Within  this  concept  a  Stack  Full  condition  will  indicate  that  it  is 
time  to  dump  data  accumulated  on  the  Stack  out  to  read/write  memory. 

PACE  ADDRESSING  MODES 

Most  PACE  memory  reference  instructions  use  either  direct  or  direct,  indexed  ad- 
dressing. A  few  instructions  also  offer  indirect  addressing  and  pre  indexed,  in- 
direct addressing.  Refer  to  Volume  I,  Chapter  6  for  a  description  of  these  addressing 
modes 

All  PACE  memory  reference  instructions  have  the  following  object  code  format: 
15  14  13   12  11  10  9    8     7    6     5    4    3    2    1     Q     m  Bit  No. 

I  I  I  I  1  I  l*H  I  I  I  I  I  I  II 


■  Address  displacement 

'  Addressing  mode  selection 

00  =  Base  Page  address 

01  =  Program  relative  address 
10  =  Indexed  (AC2-reiative) 

.11=  Indexed  (AC3-relative) 

■  Instruction  operation  code 


The  2-bit  XR  field  lets  you  specify  with  each  instruction  the  type  of  direct  addressing 
you  want  used:  base  page,  program  relative  or  indexed  {AC2-  or  AC3-relative).  Since 
the  address  displacement  is  an  8-bit  field  in  the  instruction  word,  direct  addresses  are 
paged  and  each  page  consists  of  256  words.  Indexed  and  paged  addressing  variations 
have  been  described  in  Volume  I,  Chapter  6. 
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In  addition,  PACE  offers  a  variation  of  base  page  addressing, 
which  is  not  described  in  Volume  I,  Chapter  6.  There  is  a  con- 
trol signal  (8PS)  which  is  input  to  PACE,  and  allows  the  base 
page  to  be  split  between  the  top  and  bottom  128  words  of  memory,  as  follows 


PACE  SPLIT 
BASE  PAGE 


Displacement  =00 
through  FF 


Norma)  Base  Page 
0000 


MEMORY       Split  Base  Page 

loooo 


Base  Page 


Displacement  =  00  through  7F 


Displacement  =  80  through  FF 
Frequently  these  addresses  are 
reserved  for  external  devices 


BPS  high  splits  the  base  page;  BPS  low  keeps  the  base  page  as  the  bottom  256  words 
of  memory. 

Depending  on  how  a  PACE  system  has  been  configured,  the  base  page  may  be  perma- 
nently defined  as  split  or  normal;  or  the  base  page  may  be  varied  between  the  two  op- 
tions under  program  control  There  are  a  number  of  control  flags  (which  are  described 
next)  that  may  be  set  or  reset  under  program  control;  these  control  flags  are  output  at 
PACE  pins.  If  one  of  these  flags  is  connected  to  the  base  page  select  pin,  then  setting  or 
resetting  this  flag  determines  which  base  page  option  will  be  in  effect: 


Pin  28  (BPS) 
Pin  22  (F14) 


Splitting  the  base  page  between  the  top  and  bottom  of  memory  is  useful  in  a  PACE 
microcomputer  system  because  it  simplifies  external  device  addressing.lf  we  reserve  all 
memory  addresses  in  the  range  FF8016  -  FFFF16  for  external  devices,  then  external 
logic  merely  has  to  AND  the  top  nine  bits  of  an  address  and  thus  determine  if  an  exter- 
nal device  (rather  than  a  memory  location)  is  being  addressed. 


PACE 

15  14  13  12  11  10    9    8     7    6     5    4    3    2    1 

rni'i'H'i'i 


hi 


ixixixix'xix'x' 


8  or  higher 

If  these  nine  bits  are  ail  1,  then  an 
external  device  is  addressed 


Splitting  the  base  page  also  makes  it  easy  to  implement  half  of  the  base  page  in  ROM, 
leaving  the  other  half  in  RAM, 
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To  a  programmer,  this  scheme  provides  an  easy  way  of 
generating  1 28  external  device  addresses.  If  the  split  base  page 
option  is  in  effect,  then  base  page,  direct  addressing  can  be  in- 
terpreted as  external  device  addressing,  so  long  as  the  high  order 
bit  of  the  displacement  is  1 


PACE  SPLIT 
BASE  PAGE  TO 
ADDRESS  I/O 


Memory  Reference  instruction  code 
Displacement 


Becomes  I/O  instruction  if  there  is  a  1  here  and 
split  base  page  is  being  used  to  address  I/O 

00  specifies 

Base  Page  addressing 


The  base  page  and  program  relative  options  do  not  apply  when       PACE  DIRECT 
the  displacement  is  part  of  a  direct,  indexed  address   When  in-       INDEXED 
dexed  addressing  is  specified,  PACE  adds  the  contents  of  the       ADDRESSING 
displacement,  as  a  signed  binary  number,  to  the  contents  of 
the  identified  Index  register  {AC2  or  AC3).  The  sum  becomes  the  effective  ad 
dress.  Here  are  some  examples:  ~    . 


Index  Register 
Contents 


Displacement 
Value 


Propagated  Sign  Bit 


Observe  that  the  high  order  bit  of  the  displacement,  being  a  sign  bit,  is  propagated 
through  the  missing  high  order  displacement  byte. 

Instructions  that  allow  indirect  addressing  simply  superimpose  indirect  address- 
ing logic  on  the  preceding  direct  address  generation  logic.  For  example,  if  indirect 
addressing  without  indexing  is  specified,  then  a  base  page  or  program  relative  direct 
address  will  be  computed  in  the  normal  way,  but  the  effective  address  is  contained  in 
the  memory  location  identified  by  the  direct  address. 
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This  illustration  shows  base  page,  indirect  addressing;  arbitrary  memory  addresses  are 
used  to  make  the  illustration  easier  to  understand: 


0000 
0001 

0043 
0044 
0045 
0046 
0047 

2178 
2179 
217A 
217B 
217C 

Address 

21 7A 

Memory 

Address 

Base  page  word  addressed  directly 


This  word  addressed  indirectly 


This  illustration  shows  program  relative,  indirect  addressing;  again  using  arbitrary 
memory  addresses: 


Memory 
Address 


DISP=9D16(=-6316} 


Program  Counter 


Effective  • 

Memory 

Address 


OFDC 

OFDD 

OFDE 

OFDF 

217A 

OFEO 

1040 

1041 

1042 

1043 

2178 

2179 

217A 

217B 

Program  relative,  direct  addressed  word 


This  word  addressed  indirectly 
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If  indirect  addressing  with  indexing  is  specified,  then  a  direct  address  is  first  computed 
by  adding  the  displacement  as  a  signed  binary  number,  to  the  contents  of  the  specified 
Index  register;  the  direct  indexed  address  thus  computed  provides  the  memory  location 
where  the  indirect  address  will  be  found.  This  is  illustrated  as  follows: 


w 

OFDC 
OFDD 
OFDE 
OFDF 
OFEO 

sign  bit 

2178 
2179 
-  217A 
217B 
217C 

Address 

21 7A 

extended 

DISP  =  9D16 

\ 

1042  +  FF9D  =OFDF 

j 

/ 

"      This  word 

Memory 

Address 

MEMORY 


i  addressed  indirectly 


PACE  STATUS  AND  CONTROL  FLAGS 

PACE  has  a  16-bit  Status  and  Control  Flag  register.  This  register  is  on  the  CPU 
chip  and  is  illustrated  as  follows: 


EXIT 
INTO 


OVF 


IE2       IE1        "!' 


D 


F13       F12       F11    ^^^-^Dev^P1"  ^00000^    NIR5     NIR4      NIR3     NIR2 


fl 


STACK 


Fourteen  of  the  16  register  bits  are  used.  Three  of  the  14  bits  are  status  flags  as 

we  define  a  status  flag.  These  three  flags  are: 

Overflow  (OVF),  which  is  a  typical  Overflow  status. 
Carry  (CRY),  which  is  set  and  reset  by  arithmetic  operations,  as  de- 
scribed for  a  typical  Carry  status. 

Link  (LINK),  which  is  set  and  reset  by  Shift  and  Rotate  instructions, 
as  described  for  the  hypothetical  microcomputer's  Carry  status  in 

Volume  I.  Chapter  7. 

*« 

The  separation  of  Carry  into  two  statuses,  one  for  shift  and  rotate  operations,  and 
the  other  for  arithmetic  operations,  is  a  fairly  common  minicomputer  feature;  the 

advantage  of  separating  these  two  statuses  is  that  the  results  of  arithmetic  operations 
can  be  preserved  across  subsequent  Shift  and  Rotate  instructions. 
BYTE  causes  data  to  be  accessed  in  8-bit  lengths  when  this  status  is  set  to  1,  or  in 
16-bit  lengths  when  this  status  is  set  to  0. 

Five  bits  (IE1  through  IE5)  are  reserved  for  interrupt  processing.  These  five  bits 
selectively  enable  and  disable  PACE'S  five  interrupt  lines.  One  of  these  lines  is  reserved 
for  the  Stack  Overflow  interrupt  the  other  four  lines  are  available  for  external  device  in- 
terrupt requests.  There  is  also  a  single  bit  master  interrupt  enable  and  disable  (INT  EN). 
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Bits  F11,  F12,  F13  and  F14  are  control  flags  which  are  output  directly  to  PACE 
device  pins,  and  can  be  used  in  any  way  to  control  external  devices'  One  use  to  select 
normal  or  split  base  page  addressing,  has  already  been  described. 
Only  the  three  status  flags  OVF,  CRY  and  LINK  are  automatically  set  or  reset  in 
the  course  of  instruction  execution.  The  remaining  1 1  bits  of  the  Status  and  Control 
Flags  register  are  set  and  reset  by  instructions  or  instruction  sequences  that  read  data 
into,  or  write  data  out  of,  the  Status  and  Control  Flags  register, 

PACE  CPU  PINS  AND  SIGNALS 

PACE  CPU  pins  and  signals  are  illustrated  in  Figure  14-3.  A  description  of  these 
signals  is  useful  as  a  guide  to  the  way  in  which  a  PACE  microcomputer  system 

There  are  1 6  data  and  address  lines  {DO  -  D1 5),  which  are  multiplexed  for  data  in- 
put, data  output  and  address  output. Two  control  lines,  ODS  and  NADS  identify 
output  on  the  data  and  address  fines  as  either  data  (ODS),  or  addresses  (NADS)  A 
further  control  line,  IDS,  is  used  to  strobe  data  input. 

The  EXTEND  control  input  is  used  by  slow  memories  or  external  devices  to 

lengthen  an  instruction's  execution  time  by  increasing  the  duration  of  a  data  in- 
put/output cycle;  this  extends  the  time  available  for  memories  or  external  devices  to 
capture  data  output  by  PACE  or  to  present  input  data  to  PACE, 

The  NINIT  input  control  initializes  PACE;  the  Program  Counter  is  set  to  0  The  Stack 
Pointer,  the  Stack  and  the  Status  and  Control  Flags  register  are  cleared 

BPS  has  already  been  described;  it  is  used  to  select  either  normal  or  split  base 
page,  for  base  page  direct  addressing. 

The  NHALT  control  suspends  instruction   execution   in  between   instruction* 

whereas  EXTEND  lengthens  the  execution  time  during  an  instruction Sus Sg  ?n 
struct.on  execution  ,s  one  way  of  performing  direct  memory  access  operations  NHALT 
is  also  used  in  conjunction  with  CONTIN  to  initiate  high  priority  interrupt  process 
mg.  Both  of  these  uses  of  NHALT  are  described  later  interrupt  process- 

The  CONTIN  signal  is  used  to  terminate  a  Halt  condition  and  is  also  used  as  an  out- 

J™*8'9"^  When  C0NTIN  is  Pr°Per|V  sequenced 

with  the  NHALT  signal,  it  initiates  a  high  priority  interrupt  as  we  mentioned  in  the  pre- 
ceding paragraph.  We'll  provide  a  full  discussion  of  the  uses  of  NHALT  and  CONTIN 
later  m  this  chapter  CONTIN  can  also  be  used  as  a  Jump  condition  input  in  the  same 
way  as  JC13,  14  and  15  which  are  described  next  puimtnesame 

JC13,  14and  15  provide  an  interesting  capability  found  in  very  few  microcomputers 
discussed  in  this  book;  the  condition  of  these  three  inputs  can  be  tested  by  a  Branch- 
On-Cond.t.on  (BOC)  instruction,  thus  allowing  external  control  signals  to  directly 
manipulate  PACE  program  instruction  sequences. 

F1]'r.1V?c.nd  14ar6  thG  °UtpUtS  f°r  the  corresPonding  flag  bits  in  the  Status 
and  Control  Flags  register. 

NIR2.  3  4  and  5  are  the  external  interrupt  request  lines.  Interrupt  priority  arbitration 
logics  '"eluded  on  the  PACE  chip.  NIR2  has  the  highest  priority  of  the  external  inter- 
rupt lines  and  NIR5  is  the  lowest  priority  interrupt  request. 
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PIN  NAME 

DESCRIPTION 

CLK,  NCLK 

Clock  Lines 

•D00-D15 

Data  /Address  Lines 

MDS 

Input  Data  Strobe 

»ODS 

Output  Data  Strobe 

'NADS 

Address  Data  Strobe 

» EXTEND 

Clock  Delay 

■NINIT 

CPU  Initialize 

'NHALT 

tStop  CPU 

►CONTIN 

^Continue  Jump  Condition 

>BPS 

Base  Page  Select 

MC13-JC15 

Control  Flags 

"F11  -F14 

Control  Flags 

'NIR2  -  NIR5 

Interrupt  Requests 

VBB<  VGG-  VSS 

Power  Lines 

'JC13-JC15 

Jump  Conditions 

TYPE 

Input 

Tristate,  Bidirectional 

Output 

Output 

Output 

Input 

Input 

Bidirectional 

Bidirectional 

Input 

Output 

Output 

Input 

Input 

Input 


•These  signals  connect  to  the  System  Bus. 

tThese  signals  perform  multiple  functions.  Refer  to  text. 

Figure  14-3.  PACE  CPU  Signals  And  Pin  Assignments 
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PACE  TIMING  AND  INSTRUCTION  EXECUTION 

PACE  uses  a  combination  of  two  clock  signal  inputs  to  time 
events  internally  within  the  microprocessor  CPU.  The  clock  sig- 
nals and  the  resultant  internal  clock  phases  can  be  illustrated 
as  follows: 


PACE 

CLOCK 

SIGNALS 


Internal  Clock 
Phase 


~* ___ 

—  One  Machine  Cycle  - 

— ^. 

One  Clock  Period 

One  Clock  Period 

One  Clock  Period 

One  Clock  Period 

T1          I        T2 

T3 

T4 

T5 

T6 

Ty          |       T8 

1 

1 

Several  points  should  be  noted  regarding  PACE  timing  The  inter-      I  PACE 
nal  clock  phases  (T1  through  T8)  are  meaningless  to  external         MACHINE 
logic  since  they  are  not  accessible,  nor  are  they  needed  for        CYCLE 
any  external  synchronization  purposes.  We've  shown  them      * 
merely  because  they  will  simplify  later  discussions  about  data  input/output  operations 
Four  external  clock  periods  constitute  a  single  PACE  machine  cycle.  Most  PACE  in 
structions  require  between  four  and  seven  machine  cycles  for  execution. 
So  far  as  external  logic  is  concerned,  there  are  only  three 


types  of  PACE  machine  cycles  which  can  occur  during  execu 
tion  of  an  instruction: 

1) 


PACE 
MACHINE 
CYCLE 
TYPES 


2) 


3) 


A  data  input  operation  (read)  during  which  external  logic 
must  present  a  word  of  data  to  the  CPU 

A  data  output  operation  (write)  during  which  the  CPU  transmits  a  word  of  data  to 
external  logic. 

An  internal  operation  during  which  no  CPU-initiated  activity  occurs  on  the 
System  Bus. 

All  PACE  instructions  include  one  or  more  data  input  cycles,  and  two  or  more  in- 
ternal operation  cycles.  Only  a  few  instructions  include  data  output  cycles.  The  first 
machine  cycle  of  any  instruction's  execution  must,  of  course,  be  an  instruction  fetch 
operation— which  to  external  logic  is  simply  a  data  input  cycle  Let  us  therefore 
begin  by  examining  the  data  input  cycle. 

Figure  14-4  illustrates  timing  for  a  standard  data  input  machine 
cycle.  Notice  that  the  address  data  is  only  present  on  the  data 

lines  for  the  first  portion  of  the  cycle.  The  NADS  signal  is  sent  out  - 

approximately  in  the  center  of  the  time  interval  during  which  the  address  data  is  valid 
therefore,  either  the  leading  edge  or  trailing  edge  of  NADS  can  be  used  to  clock  the  ad- 
dress data.  The  IDS  signal  is  sent  out  at  about  the  seme  time  as  the  address  information 
is  taken  off  the  data  lines  — well  before  the  time  when  input  data  is  expected  by  the 
CPU.  This  gives  external  logic  time  to  prepare  the  input  data  The  input  data  needs  to 
be  valid  only  for  a  short  time  interval  later  in  the  machine  cycle.  Exact  timinq  is  qiven  in 
the  PACE  data  sheet  at  the  end  of  this  chapter 


PACE  DATA 
INPUT  CYCLE 
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rnal  Clock 

- 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T] 

T2 

Phase 

1 

I 

1 

i        i 

D00-D15 

NADS 

IDS 

; 

[Address  Data  Output  Valid] 

pm/^^^y//////////A 

, 

LlHKHi 

1 

1          1 

1 

1 

1 

1 

1 

1 

\ 

1 

t 
V 

1               1               ' 

1 

1 

1 

1 
1 

1 

1 

1 
1 

Figure  14-4  PACE  Data  Input  Timing 


Figure  1 4-5  illustrates  timing  for  a  standard  data  output  cycle.  The  PACE  DATA 

address-output  portion  of  the  cycle  is  identical  to  that  of  the  data  OUTPUT 

input  cycle  just  described;  the  ODS  signal  is  sent  out  at  the  same      CYCLE 

part  of  the  cycle  as  IDS  was  At  approximately  the  same  time  that 
ODS  is  sent  out,  the  output  data  word  is  placed  on  the  data  lines.  The  output  data  re- 
mains valid  beyond  the  end  of  the  ODS  signal  so  that  the  trailing  edge  of. ODS  can  be 
used  as  the  clock  for  external  data  latches. 


Internal  Clock 
Phase 


T1 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

T1 

T2 

1 

1 

1 

1 

Figure  14-5  PACE  Data  Output  Timing 


The  data  input/output  cycles  just  described  allow  approx-       PACE  EXTEND 
imately  two  clock  periods  for  external  logic  to  respond.  If  this       SIGNAL  FOR 
time  interval  is  too  short,  the  EXTEND  signal  input  to  the  CPU       SLOW  I/O 
can  be  used  to  lengthen  the  I/O  cycle  by  multiples  of  the  clock       OPERATIONS 
period  {one  clock  period  equals  two  internal  clock  phases.)  The 
EXTEND  signal  can  be  placed  high  during  address  time  or  immediately  after  the  start 
of  IDS  or  ODS,  but  it  must  be  high  before  the  end  of  internal  clock  phase  6  as  shown 
in  Figure  14-6. 
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D00-D15  « 
(For  Input  Cycle) 


I 


I 


One  Clock  One  Clock 

Period  Period  Extension 


T7 


T8 


D00-D15 
(For  Output  Cycle) 


IDS/ODS 


Address  Data  Out 


I 


I  Input  Data  I 

|  Valid     | 


Address  Data  Out 


I 


I 


DC 


t 


I 


Output  Data  Valid 


I 


EXTEND  I 


H 


ir-J- 


i 


I 


„+. 


.  i  l  l  I  ,  l  l  |  |  j 

Figure  14-6.  Using  PACE  EXTEND  Signal  To  Lengthen  I/O  Cycles 

The  timing  shown  in  Figure  14-6  provides  the  minimum  I/O  cycle  extension  of  one 
clock  period.  The  maximum  extension  permitted  by  PACE  is  2  microseconds-  so 

with  a  clock  period  of  750  nanoseconds,  this  means  that  only  two  clock  period  exten- 
sions can  be  added  to  an  input/output  cyclaThe  second  clock  period  extension  is 
achieved  by  holding  the  EXTEND  signal  high  for  one  additional  clock  period  beyond  the 
timing  shown  in  Figure  14-6. 

Notice  that  the  EXTEND  signal  does  just  what  its  name  implies;  it  simply  extends  the 
duration  of  the  data  transfer  portion  of  an  I/O  machine  cycle.  The  trailing  edge  of  the 
IDS  or  ODS  signals  is  delayed  and,  for  data  input,  the  time  until  valid  input  data  must  be 
present  is  deiayed.  On  data  output  cycles,  the  valid  output  data  is  simply  maintained  on 
the  data  lines  by  the  CPU  for  an  extended  period  of  time 

The  EXTEND  signal  can  also  be  used  to  suspend  CPU  input  activity.  This  use  of  EX- 
TEND will  be  described  later  under  the  heading  of  Direct  Memory  Access, 

THE  INITIALIZATION  OPERATION 

A  NINIT  low  signal  input  to  the  PACE  CPU  initializes  the  microprocessor.  The 

NINIT  signal  is  the  equivalent  of  the  Reset  signal  described  for  other  microcomputers  in 
this  book.  While  NINIT  is  held  low,  PACE  operation  is  suspended;  IDS  and  ODS  are  reset 
low.  NINIT  must  be  held  low  for  a  minimum  of  eight  clock  periods  to  give  the  CPU  time 
to  respond.  After  NINIT  goes  high  again,  this  is  what  happens: 


1) 
2) 


The  internal  Stack  Pointer  is  cleared. 

All  flags  and  interrupt  enables  are  set  low  {except  Level  0  Interrupt  Enable  which  is 
set  high). 

3)  The  Accumulators  contain  arbitrary  values. 

4)  The  Program  Counter  is  set  to  zero. 

5)  1 6  clock  periods  after  NINIT  returns  high,  the  NADS  signal  is  output  high.  The  first 
instruction  is  thus  fetched  from  memory  location  zero  (0000- J. 

Figure  14-7  illustrates  the  timing  for  the  initialization  operation.  Note  that  the  NINIT 
signal  is  shown  going  low  after  power  and  clocks  are  both  stable.  The  NINIT  signal  must 
be  applied  whenever  the  CPU  is  powered-up;  if  NINIT  is  held  low  before  clocks  and/or" 
power  have  stabilized,  the  NADS  and  NHALT  output  signals  may  have  undefined  states 
for  eight  clock  pulses  after  the  trailing  edge  of  NINIT, 


14-15 


Power  and  Clocks  Stabilized 


...=  mwM 

NINIT                            \^Minimum-»»/ 

1""* 

NADS     ''//////////A                                                                                                           ^ 

/ 

1DS/0DS                            \ 

/ 

/ 

Begin  to  fetch  instruction  from 
memory  address  000016 

Figure  14-7    PACE  Initialization  Timing 

THE  HALT  STATE  AND  PROCESSOR  STALL  OPERATIONS 

Most  microprocessors  described  in  this  book  have  a  Hold  state,  which  typically 
describes  a  CPU  condition  during  which  there  is  no  CPU-initiated  activity  on  the 
System  Busses:  external  logic  can  then  perform  Direct  Memory  Access  opera- 
tions. The  PACE  CPU  has  an" equivalent  state  that  can  be  initiated  under  program  con- 
trol or  by  external  logic  When  this  state  is  initiated  under  program  control  (by  ex- 
ecuting a  Halt  instruction)  PACE  literature  .calls  it  the  Halt  state;  when  initiated  by 
external  logic,  it  is  called  a  Processor  StalL 


During  normal  program  execution,  the  CPU  NHALT  control  line  THE  PACE 

provides  a  high  output  When  a  Halt  instruction  is  executed,  the  HALT  STATE 

NHALT  output  is  driven  low  to  indicate  that  CPU  activity  is  sus- 
pended. While  in  the  Halt  state,  the  NHALT  output  has  a  7/8  duty  cycle;  that  is,  every 
eighth  clock  phase,  the  NHALT  output  goes  high.  If  the  NHALT  output  is  merely  used  to 
drive  an  indicator  on  a  control  panel,  this  7/8  duty  cycle  is  of  little  concern;  but  if  the 
NHALT  signal  is  used  as  a  logic  signal,  the  7/8  duty  cycle  must  be  accounted  for.  The 
Halt  state  is  terminated  by  setting  the  CONTIN  input  signal  high  for  a  minimum  of 
16  clock  cycles,  and  then  low  for  at  least  four  clock  cycles,  as  shown  in  Figure 
14-8.  CPU  operation  then  resumes  by  executing  the  next  instruction,  that  is,  the  in- 
struction that  follows  the  Halt  instruction. 


NHALT 
(Output) 


I         .^Halt  instruction  execi 


/I 


-ft- 


CPU  operation  resumes  -^  I 

— fwr 


cycle 


CONTIN  | 

(Input)  | 


•rt- 


-rt- 


i 

4  Clock    I 
Cycles     I 


16  Clock  Cycles  Minirnurn- 


-Indefinite  Duration- 


-rt- 


I 


Figure  14-8.  Terminating  PACE  Halt  State 


As  we  have  just  seen,  the  PACE  NHALT  and  CONTIN  sig- 
nals are  -interrelated.  We  mentioned  earlier  that  these 
signals  are  also  multifunctional.  We  will  describe  sepa- 
rately each  of  the  functions  that  can  be  implemented  with 
NHALT  and  CONTIN  Do  not  use  these  signals  to  imple- 
ment more  than  one  function  unless  your  application  absolutely  requires  the  addi- 
tional functions.Critical  and  complicated  timing  relationships  are  required -by  the  CPU 


PACE  NHALT 
AND  CONTIN 
SIGNALS  ARE 
MULTIFUNCTIONAL 
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to  differentiate  between  various  functions  Timing  is  further  complicated  by  some  cir- 
cuit problems  in  the  CPU's  interrupt  system  which  we  will  describe  later. 
The  PACE  CPU  can  be  forced  into  the  Halt  state  by  external 
logic.  PACE  literature  defines  this  operation  as  a  Processor 
Stall.  A  Processor  Stall  uses  both  NHALT  and  CONTIN  as  con- 
trol signal  inputs.  Figure  14-9  shows  the  timing  sequence  re 


PACE 

PROCESSOR 

STALL 


quired.  The  NHALT  input  must  be  driven  low  by  external  logic  to  initiate  the  sequence 
CPU  operation  is  then  suspended  after  execution  of  the  current  instruction  is  com- 
pleted The  minimum  response  time  is  five  clock  cycles.  The  maximum  response  time  is 
equal  to  the  longest  instruction  execution  time  (refer  to  Table  14-2)  There  is  no  max- 
imum time  limit  for  a  Processor  Stall.  The  CPU  simply  remains  in  the  Halt  state  until  it  is 
terminated  by  the  CONTIN  input. signal,  which  must  be  properly  sequenced  with  the 
removal  of  the  NHALT  input  as  shown  in  Figure  14-9, 


«-APPROX.  4  CYCLES 
RESUME  NORMAL  OPN 


(EXTERNAL  CIRCUITS  HIGH  IMPEDANCE) 


CONTINUE  DRIVEN 
EXTERNALLY 


NOTES: 

1.  EXTERNALLY  GENERATED  TTL  INPUTS 
OVERRIDE  PACE  MOS  OUTPUTS. 

2.  VffiffK  CROSSHATCH  INDICATES  "DON'T 
Kfl^i   CARE"  INPUT  STATE. 

3.  te  =  DURATION  OF  EXTEND  DURING 
PACE  I/O  CYCLES.  TIMING  ASSUMES 

NO  OTHER  EXTENDS  AND  NO  SUSPENDS. 


Figure  14-9.  Timing  Diagram  For  PACE  Processor  Stall  Using 
NHALT  And  CONTIN  Signals 


Let  us  take  another  look  at  the  beginning  of  the  Processor 
Stall  timing  sequence  Notice  that  when  the  CPU  has 
completed  the  current  instruction  and  recognized  the 
stall  request,  the  CONTIN  output  signal  is  briefly  driven 

low  by  the  CPU. -This  pulse  is  referred  to  as  ACK  INT 
(Acknowledge  Interrupt)  and  can  be  used  to  let  external  logic  know  that  the  CPU  is  res- 
ponding to  the  stall   request   It  may  seem   inappropriate  for  PACE  to  provide  an 


PACE  PROCESSOR 
STALL  AND  LEVEL  0 
INTERRUPT 
SIMILARITIES 
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Acknowledge  Interrupt  response  when  we  are  initiating  a  Processor  Stall,  However,  as 
we  shall  see  later  in  this  chapter,  a  Level  0  Interrupt  request  begins  with  exactly  the 
same  timing  sequence  as  a  Processor  Stall;  in  fact,  the  reaction  of  the  CPU  is  the 
same  for  both  operations  until  that  point  in  the  sequence  where  NHALT  goes  high. 

Therefore,  the  initial  response  of  ACK  INT  is  always  sent  out  after  NHALT  is  driven  low 

DIRECT  MEMORY  ACCESS  OPERATIONS 

At  the  beginning  of  our  discussion  about  the  PACE  Halt  state  and  Processor  Stall,  we 
mentioned  that  these  were  the  equivalent  of  Hold  states  provided  by  other 
microprocessors  In  actuality,  there  are  some  significant  differences  between  the 
PACE  Halt  state  and  the  Hold  state  described  for  other  microprocessors  in  this 
book.  Because  of  these  differences.  Direct  Memory  Access  operations  with  PACE 
are  not  so  straightforward  as  with  many  other  microprocessors. 


First  notice  that  the  descriptions  of  the  Halt  state  and  Processor       FLOATING 
Stall  do  not  mention  floating  the  System  Busses,  This  is  because       PACE 
the  PACE  CPU  never  floats  the  outputs  of  its  data  lines  or  con-       SYSTEM 
trol  signals.  Remember,  however,  that  the  design  of  any  realistic       BUSSES 
PACE  system  is  going  to  require  buffer/drivers  for  the  PACE  data  — 

lines  and  I/O  control  signals  At  the  beginning  of  this  chapter  we  mentioned  the  BTE 
which  is  part  of  the  PACE  microcomputer  family  and  performs  this  buffering  function. 

When  we  describe  the  BTE  later  in  this  chapter-  you  will  see  that  it  has  control  signals 
that  place  its  outputs  in  the  high  impedance  mode  —  that  is,  its  outputs  can  be  floated. 
Thus,  it  is  the  BTE  control  signals  that  must  be  manipulated  in  order  to  float  the 
System  Busses  for  Direct  Memory  Access  (DMA)  operations.  But  first,  we  must 
have  a  way  of  determining  whether  the  PACE  CPU  is  going  to  be  using  the  System 
Busses.  There  are  several  methods  of  making  this  determination;  we  will  conceptually 
examine  each  of  them  within  the  context  of  three  different  DMA  schemes: 

1)  DMA  block  data  transfers  initiated  by  PACE  CPU. 

2)  DMA  block  data  transfers  initiated  by  external  logic 

3)  Cycle  stealing  DMA  transfers 
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From  a  hardware  point  of  view,  the  simplest  method  of  im- 
plementing a  DMA  capability  in  a  PACE  system  is  to  have 
the  CPU  initiate  block  transfers  of  data.  Consider  the  follow 
ing  approach.  PACE  will  treat  an  external  DMA  controller  as  a 
peripheral  device  and  will  establish  initial  conditions  such  as 
starting  address,  word  count  and  direction  (memory  read  or  write).  This  information 
can  be  passed  to  the  controller  by  treating  its  registers  as  memory  locations  and  using 
PACE  Store  instructions  to  write  into  the  registers  When  the  required  information  has 
been  passed,  the  CPU  simply  executes  a  Halt  instruction.  As  we  described  earlier, 
when  a  Halt  instruction  is  executed,  the  NHALT  control  output  line  from  the  CPU 
is  driven  low.  This  signal  could  thus  be  used  by  the  DMA  controller  as  an  indica- 
tion that  the  CPU  will  not  be  using  the  System  Bus  and  the  DMA  transfer  can 
begin.  When  the  transfer  is  completed,  the  DMA  controller  would  use  the  CONTIN 
input  to  PACE,  as  shown  in  Figure  14-8,  to  terminate  the  Halt  instruction  and  nor- 
mal CPU  operation  would  resume. 

Most  microprocessors  have  a  Bus  Request  input  signal  that  can 
be  used  by  external  logic  to  request  access  to  the  System 
Busses  In  a  PACE  system,  the  NHALT  input  signal  can  be 
used  to  force  the  CPU  into  a  Processor  Stall  as  described 
earlier  and  thus  free  the  System  Busses  for  DMA  opera- 
tions. The  Acknowledge  Interrupt  (ACK  INT)  pulse  on  the 
CONTIN  output  line  shown  in  Figure  14-9  is  then  equivalent  to  a  Bus  Grant  signal 
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and  the  DMA  controller  may  begin  the  data  transfer.  When  the  transfer  is  com 
plete,  the  CONTIN  line  is  used  as  a  control  input  line  to  the  CPU  to  terminate  the 
Processor  Stall. 


Cycle  stealing  DMA  operations  typically  transfer  a  single  word  CYCLE- 
over  the  System  Busses  during  a  brief  interval  when  the  CPU  is  not  STEALING 
using  the  busses.  With  this  method,  CPU  operations  need  not  be  DMA  IN 
stopped;  instead,  they  are  only  slowed  down  slightly  or  in  some  PACE 
cases  are  not  affected  at  all  In  order  to  implement  cycle  stealing  SYSTEMS 
DMA,  external  logic  must  have  a  way  of  detecting  those  time 
intervals  when  the  CPU  will  not  be  using  the  System  Busses.  We  will  describe  two 
ways  that  this  can  be  accomplished  with  the  PACE  CPU-  The  first  method  involves  the 
use  of  the  EXTEND  input  signal  to  the  CPU  to  suppress  or  suspend  input/output  opera- 
tions; the  second  method  uses  a  special  technique  to  sense  when  the  CPU  is  beginning 
an  internal  (non-l/O)  machine  cycle. 

Earlier  we  described   how  to  use  the  EXTEND   input  signal  to  EXTEND  USED 

lengthen  the  PACE  CPU  input/output  cycles.  The  EXTEND  signal  TO  SUSPEND 

can  also  be  used  to  prevent  the  CPU  from  beginning  an  I/O  cycle  PACE  I/O 

and  thus  ensure  that  the  System  Busses  will  be  available  to  exter-  DURING  DMA 

nal  devices  for  DMA  operations.  OPERATIONS 


Figure  14-10  illustrates  both  uses  of  the  EXTEND  signal  The  CPU  looks  at  the  EXTEND 
input  signal  at  internal. clock  phases  T1  and  T6  Notice  that  during  I/O  cycles,  the  IDS  or 
ODS  signal  goes  high  at  the  beginning  of  T6  and  low  at  the  beginning  of  T1 ,  If  EXTEND 
is  high  during  T6,  then  extra  clock  cycles  are  inserted  after  T8;  this  is  the  method  that 
would  be  used  to  lengthen  an  I/O  cycle.  If  EXTEND  is  high  during  T1.  then  the  extra 
clock  cycles  are  inserted  between  T3  and  T4;  this  is  the  method  we  would  use  for  DMA 
operations^  The  trailing  edge  of  IDS/ODS  indicates  that  the  CPU  has  just  completed  an 
I/O  cycle  and  is  therefore  not  using  the  System  Busses  at  this  instant  By  setting  EX- 
TEND high  at  this  time,  we  suppress  the  beginning  of  another  I/O  cycle  while  we  use 
the  busses  for  a  DMA  transfer 

Notice  that  we. are  merely  lengthening  the  beginning  of  the  PACE  machine  cycle  and 
thus  delaying  that  part  of  the  machine  cycle  where  the  CPU  might  begin  I/O  activity. 
We  do  not  know  whether  the  current  machine  cycle  will  be  an  internal  machine  cycle 
or  an  I/O  cycle;  and  we  do  not  care  We've  just  stolen  the  busses  by  slowina  down  the 
CPU 
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Figure  14-10    Using  PACE  EXTEND  Signal  For  Cycle  Stealing  DMA 
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This  leads  us  to  two  drawbacks  inherent  in  the  EXTEND  method  of  cycle  stealing  DMA. 
First,  whenever  we  use  the  System  Busses  for  a  DMA  transfer,  we  slow  down  the  opera- 
tion of  the  CPU.  Secondly,  we  must  wait  until  the  PACE  CPU  has  just  completed  an  in- 
put/output cycle  before  we  can  perform  the  cycle  steal.  Since  only  about  one-third  of 
the  CPU  machine  cycles  are  used  for  I/O.  this  means  that  bus  access  for  DMA  will  be 
quite  limited  Both  of  these  drawbacks  can  be  eliminated  if  we  can  find  some  technique 
for  determining  when  the  CPU  is  performing  an  internal  (non-l/O)  machine  cycle.  We 
could  then  use  the  System  Busses  anytime  that  the  CPU  is  not  using  them  (which 
is  more  than  60%  of  the  time)  and  we  could  perform  the  DMA  transfer  without 
slowing  down  CPU  operations.  We  shall  now  describe  just  such  a  technique. 

We  stated  earlier  in  this  chapter  that  the  PACE  interna!  clock 
phases  (T1  through  T8)  are  not  available  to  external  logic,  and 
a  cursory  examination  of  PACE  literature  affirms  this  state- 
ment However,  the  PACE  data  sheet  includes  a  figure  that 
shows  equivalent  circuits  for  PACE  internal  drivers  and 
receivers  A  detailed  examination  of  this  figure  reveals  a  very  interesting  and  useful 
fact:  the  JC1 3  (Jump  Condition  1 3)  pin  on  the  CPU  is  intended  as  an  input  signal;  but, 
because  of  the  way  in  which  the  receiver  for  this  signal  is  designed,  it  also  produces  an 
output  pulse  on  the  JC1 3  pin  during  every  machine  cycle.  The  output  pulse  occurs  dur- 
ing T4  of  each  machine  cycle  and  we  can  use  this  fact  to  design  a  very  efficient  cycle- 
stealing  DMA  arrangement 
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Figure  14-1 1  shows  a  circuit  that  uses  the  output  pulse  provided  by  JC13  to  implement 
cycle-stealing  DMA.  Recall  that  the  PACE  CPU  sends  out  a  negative-going  NADS  pulse 
at  T4  of  every  input/output  cycle.  This  NADS  signal  is  ANDed  in  our  circuit  with  an  ex- 
ternal device's  DMA  Bus  Request  and  applied  to  the  D  input  of  a  flip-flop.  The  JC13 
output  pulse,  which  also  occurs  at  T4,  is  inverted  via  a  transistor  and  applied  to  the 
clock  input  of  the  flip-flop.  Thus.,  if  NADS  is  high  atT4  (indicating  that  the  current  CPU 
machine  cycle  is  not  an  I/O  cycle)  the  flip-flop  will  be  set  if  there  is  a  Bus  Request  pre- 
sent. The  output  of  this  flip-flop  is  then  used  by  external  logic  as  a  Bus  Grant  signal  and 
the  DMA  transfer  can  be  initiated.  Since  we  do  not  know  whether  or  not  the  next  cycle 
will  be  a  CPU  I/O  cycle,  we  must  terminate  DMA  activity  on  the  bus  prior  to  the  next  T4 
time.  In  Figure  14-11,  this  is  accomplished  using  a  divide-by-four  counter. 

The  CLK  input  to  the  counter  is  a  combination  of  the  Bus  Grant  signal  and  the  TCLK  sig- 
nal which  is  available  from  the  PACE  STE.  This  results  in  the  timing  shown  in  Figure 
14-12.  Notice  that  this  scheme  makes  the  bus  available  for  about  7/8  of  a  machine  cy- 
cle, or  approximately  2.25  microseconds.  If.  you  refer  back  to  Figure  14-10  you  will 
notice  that  this  is  about  the  same  length  of  time  as  was  obtained  by  using  the  max- 
imum duration  of  EXTEND.  So,  we  have  not  increased  the  maximum  time  available  for  a 
DMA  transfer.  But  we  have  made  two  significant  gains:  DMA  transfers  can  occur  more 
frequently,  and  these  transfers  do  not  slow  down  CPU  operations 

We  must  add  a  final  note  of  caution  to  the  description  of  this  otherwise  straightforward 
DMA  technique.  There  are  several  critical  timing  paths  in  the  idealized  circuit  shown  in 
Figure  14-11.  Both  the  JC13  pulse  and  the  NADS  signal  occur  at  T4,  although  the  trail- 
ing edge  of  NADS  does  occur  slightly  after  the  trailing  edge  of  JC13  Therefore,  the 
components  used  to  provide  CLK  and  D  inputs  to  the  flip-flop  must  be  selected 
carefully  to  ensure  that  there  is  not  a  race  condition  Additionally,  we  have  shown  the 
Bus  Grant  signal  being  reset  at  the  end  of  T3.  Since  the  leading  edge  of  NADS  occurs  at 
T4.  this  timing  relationship  can  be  critical.  However,  if  external  devices  such  as  address 
latches  and  decoders  use  the  trailing  edge  of  NADS,  this  timing  should  present  no 
problems. 

T3  T4  T5  T6  T7  T8  T1  T2  T3  T4  T5  T6  T7  T8  T1  T2  T3  T4  T5 
NCLK 
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Figure  14-12.  Timing  For  Cycle-Stealing  DMA  During  PACE  Internal  Machine  Cycle 
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THE  PACE  INTERRUPT  SYSTEM 

The  PACE  CPU  has  one  of  the  most  complete  on-chip  interrupt  systems  of  any  of 
the  microprocessors  described  in  this  book.  Six  separate  levels  of  interrupts  are 
provided:  one  internal,  and  five  external  interrupt  request  inputs,  including  a  non- 
maskable input.  Priority  logic  is  provided  on  the  CPU,  and  all  interrupts  are  vec- 
tored, thus  eliminating  any  polling  requirements.  Because  of  the  various  ways  in 
which  interrupts  can  be  initiated,  and  also  because  of  a  few  problems  that  exist  in 
the  interrupt  system,  we  will  divide  our  description  of  the  system  into  three 
parts: 

1)  Low  priority  external  interrupts 

2)  Internal  (Stack)  interrupts 

3)  Non-maskable  (Level  0)  interrupts 

But  first,  let  us  take  an  overview  of  the  PACE  interrupt  system  and  iook  at  those  parts 
that  are  common  to  all  interrupts 


Figure  14-13  depicts  the  interrupt  logic  that  is  contained  on  the 
PACE  CPU  The  highest  priority  interrupt  request  is  the  non- 
maskable Level  0  interrupt  request  which  is  initiated  using  the 
NHALT  control  input  to  the  CPU.  The  lowest  priority  interrupt 
request  is  NIR5. 
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The  Stack  Interrupt  and  each  of  the  four  lower-priority  ex-       ENABLING  AND 
ternal  interrupt  requests  can  be  individually  enabled  or  dis-       DISABLING  PACE 
abled  by  setting  or  clearing  associated  bits  (IE1  -  IE5)  in       INTERRUPTS 
the  Status  and  Control  Flag  register.  Notice  in  Figure  14-13 

that  these  bits  are  shown  as  providing  the  'R'  input  to  a  latch.  The  'S'  input  to  each  of 
these  latches  is  the  actual  interrupt  request  line.  The  significance  of  this  is  rather  sub- 
tle. It  means  that  an  interrupt  request  need  not  supply  a  continuous  low  level  until  it  is 
acknowledged.  Instead,  any  pulse  exceeding  one  PACE  clock  period  will  set  the  associ- 
ated interrupt  request  latch:  this  allows  narrow  timing  or  control  pulses  to  be  used  as 
interrupt  request  inputs.  Note,  however,  that  the  'FT  input  to  the  latches  overrides  the 
'S'  input,  Therefore,  if  the  individual  Interrupt  Enable  flag  is  reset,  it  not  only  prevents 
the  latch  from  being  set  by  interrupt  requests,  it  will  also  clear  a  previously  latched  re- 
quest that  may  or  may  not  have  been  serviced. 

A  master  interrupt  enable  (1EN)  flag  is  also  provided  in  the  Status  and  Control  Flag 
register.  IEN  must  be  set  true  to  allow  any  of  the  latched  interrupt  requests  to  be 
recognized  by  the  CPU.  

The  PACE  CPU  checks  for  interrupts  at  the  beginning  of  the  in-       PACE 
struction  fetch  routine  that  is  performed  after  completion  of  each       INTERRUPT 
instruction.  If  an  interrupt  request  is  present  (and  enabled),  the  in-       RESPONSE 


struction  fetch  is  aborted,  the  contents  of  the  Program  Counter  are 
pushed  onto  the  Stack,  and  the  master  interrupt  enable  (IEN)  is  set  low.  The  CPU  then 
loads  the  Program  Counter  with  the  address  vector  for  your  interrupt  service  routine 
and  executes  the  instruction  contained  at  that  address.  (We'll  describe  the  address  vec- 
tors in  the  next  paragraph.)  The  interrupt  request  just  described  requires  a  total  of  28 
clock  cycles  from  the  time  the  interrupt  is  recognized  by  the  CPU  until  the  time  when 
the  first  instruction  of  your  interrupt  service  routine  begins  execution. 
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Figure  14-13.   Internal  View  Of  PACE  Interrupt  System 


14-23 


Memory  locations  0002^  through  0008 ig  are  used  by  the 
PACE  interrupt  system  as  pointer  locations  or  address  vectors. 

You  toad  each  of  these  locations  with  the  starting  address  of  your 
interrupt  service  routine  for  a  particular  level  of  interrupt.  The  in- 
terrupt level  assignments  for  each  location  are  as  follows: 


PACE 

INTERRUPT 

POINTERS 


LOCATION 

INTERRUPT  POINTER  FOR 

2 

Stack  Interrupt 

3 

NIR2 

4 

N1R3 

5 

NIR4 

6 

N1R5 

7 

[eye\°A  special  case 
Level  0) 

8 

PACE 

INTERRUPT 
ACKNOWLEDGE 
AND  RETURN 
FROM  INTERRUPT 


When  PACE  responds  to  an  interrupt,  it  loads  the  Program  Counter  with  the  contents  of 
the  memory  location  that  is  associated  with  the  specific  level  of  interrupt  that  is.  being 
acknowledged.  Control  is  thus  vectored  to  the  proper  service  routine  that  you've  desig- 
nated for  a  given  level  of  interrupt  without  performing  any  polling  operations. 

As  part  of  the  interrupt  response  we've  just  described,  the 
PACE  CPU  sends  out  a  low-going  pulse  on  the  CONTIN  line. 
Refer  back  to  Figure  14-9  and  associated  text  for  a  descrip- 
tion of  the  ACK  INT  pulse.  The  last  instruction  executed  by 
your  interrupt  service  routine  must  be  a  Retum-from-lnter- 
rupt  (RTI)  instruction.  This  instruction  sets  IEN  high  to  re- 
enable  interrupts  and  then  pulls  the  top  of  the  Stack  into  the  Program  Counter  to  return 
program  control  to  the  point  where  it  was  interrupted.  The  RTI  instruction  does  not 
clear  the  internal  Interrupt  Request  latch;  therefore  your  interrupt  service  routine  must 
reset  the  latch  (using  a  Pulse  Flag  instruction)  or  the  same  interrupt  request  would  still 
be  present  after  the  RTI  instruction.  Once  the  latch  has  been  cleared,  it  can  then  be  re- 
enabled  for  subsequent  interrupt  requests. 

In  our  description  of  interrupt  response  we  made  no  mention  of 
whai  happens  to  the  CPU  registers  except  for  the  Program 
Counter.  The  interrupt  sequence  does  not  save  the  contents  of 
any  registers  except  the  Program  Counter.  If  the  program  that 
was  interrupted  requires  that  the  contents  of  the  registers  be 
saved  and  then  restored,  your  interrupt  service  routine  must  perform  these  operations. 

The  CPU's  response  to  a  stack  interrupt  is  exactly  the  same  as 
we've  just  described  for  external  interrupts.  However,  as  we've 
mentioned  earlier  in  this  chapter,  the  interrupt  request  is  gener- 
ated internally  on  the  CPU  chip  and  can  be  caused  either  by  a 
Stack  Full  or  Stack  Empty  condition  Remember  that  the  10-word  Stack  is  part  of  the 
CPU  chip  It  consists  of  an  internal  RAM  and  a  pointer  that  can  address  Stack  words  0 
through  9  A  Stack  Empty  interrupt  request  is  generated  whenever  the  pointer  is  at  0 
and  a  Pull  instruction  is  executed.  A  Stack  Full  interrupt  request  occurs  when  the 
pointer  is  at  7  (eight  entries  on  the  Stack}  and  a  Push  instruction  is  executed  to  fill  the 
ninth  word.  The  tenth  word  of  the  Stack  will  then  be  used  as  part  of  the  interrupt 
response  to  store  the  Program  Counter  contents.  Unless  you  intend  to  extend  the  Stack 
out  into  main  memory,  your  application  program  would  probably  not  require  an  inter- 
rupt due  to  Stack  Empty  or  Full  since  this  would  then  be  an  error  condition  and  can  be 
avoided  by  careful  programming.  In  this  case,  the  Interrupt  Enable  flag  for  the  Stack 
(IE1)  can  be  turned  off;  then  the  full  ten  words  of  the  Stack  are  available  for  use  by  your 
program. 
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There  is  an  additional  reason  for  not  using  the  Stack  interrupt    I  PACE 
capability  unless  you  really  need  it  Current  versions  of  the  PACE       STACK 
CPU  have  an  internal  circuit  problem  that  can  cause  improper      INTERRUPT 
interrupt  response.  If  a  Stack  interrupt  request  occurs  at  the       PROBLEMS 
same  time  as  an  NIR3  or  NIR5  interrupt  request  the  Stack  in- 
terrupt  address  vector  will  be  incorrectly  accessed  from  location  0  instead  of  loca- 
tion 2.  The  solution  recommended  in  PACE  literature  is  to  load  both  of  these  locations 
with  the  Stack  interrupt  vector  This  apparently  straightforward  solution  is  complicated 
by  the  fact  that  location  0  also  happens  to  be  the  initialization  address:  whenever  the 
CPU  is  initialized,  the  first  instruction  executed  is  the  one  that  is  contained  in  location  0, 
Thus,  the  word  in  location  0  must  serve  a  dual  purpose: 

1)  It  serves  as  an  instruction  whenever  the  CPU  is  initialized. 

2)  It  serves  as  an  address  vector  if  a  Stack  interrupt  occurs  at  the  same  time  as  NIR3  or 
NIR4. 

Here's  an. example.  The  object  code  for  a  Copy  Flags  to  Register  (CFR)  instruction  is 
0400-ie.  So,  if  locations  0  and  2  both  contained  a  value  of  0400-J6  the  problem  is 
solved.  Your  Stack  interrupt  service  routine  would  have  to  begin  at  memory  address 
0400-I  q  but  you  would  be  correctly  vectored  to  that  address  regardless  of  whether  the 
interrupt  error  we've  just  described  occurs.  On  initialization,  the  first  instruction  ex- 
ecuted would  be  the  CFR  instruction:  not  a  very  useful  initialization  instruction,  but  at 
least  no  damage  is  done. 

There  are  some  instructions  that  should  be  avoided.  For  a  fuller  discussion  of  this  in- 
terrupt problem  and  the  solution,  refer  to  current  PACE  literature.  Also  keep  in 
mind  that  the  problem  may  be  fixed  in  future  versions  of  PACE. 
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PACE  LEVEL  0 
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The  PACE  non-maskable  (Level  0)  interrupt  cannot  be 
disabled  and  differs  from  the  other  interrupt  levels  both 
in  the  way  it  is  initiated  and  in  the  way  the  CPU  res- 
ponds to  it. 

The  Level  0  interrupt  request  is  initiated  using  the 
NHALT  control  input  signal  in  combination  with  the 
CONTIN  input  line.  Figure  14-14  shows  the  timing  rela- 
tionships between  NHALT  and  CONTIN  that  are  re- 
quired to  initiate  the  non-maskable  interrupt.  If  you  compare  this  figure  with  Figure 
14-9,  you  will  notice  that  the  Level  0  interrupt  request  and  the  Processor  Stall  begin  in 
exactly  the  same  way;  NHALT  is  driven  low  by  external  logic  and  held  low  for  some 
time  after  a  low-going  pulse  {ACK  INT)  has  been  sent  out  on  the  CONTIN  line.  The  only 
difference  between  the  two  operations  is  towards  the  end  of  the  timing  sequence  For  a 
Processor  Stall,  NHALT  is  allowed  to  return  high  while  CONTIN  is  still  high;  for  a  Level  0 
interrupt  the  CONTIN  line  must  be  driven  low  by  external  logic  before  the  NHALT  line 
is  allowed  to  go  high.  This  critical  timing  sequence  is  the  only  way  that  the  CPU  has  to 
differentiate  between  a  Processor  Stall  and  a  Level  0  interrupt  Notice  that  this  Level  0 
interrupt  timing  sequence  never  requires  external  logic  to  drive  CONTIN  high 
Therefore,  if  you're  not  using  the  CONTIN  line  for  any  of  its  other  multiple  functions  (in- 
cluding the  ACK  INT  output  pulse)  you  can  merely  tie  CONTIN  to  ground  and  use 
NHALT  to  initiate  the  Level  0  interrupt 


PACE  CPU 
LEVEL  0 
INTERRUPT 
RESPONSE 


The  response  of  the  PACE  CPU  to  the  Level  0  interrupt  is 
subtly  different  from  its  response  to  other  interrupts.  These 
subtle  differences  are  related  to  the  slightly  different  purpose  of  a 
non-maskable  interrupt  versus  a  normal  program  interrupt  re- 
quest A  non-maskable  interrupt  is  typically  used  only  when  there 
is  a  catastrophic  error  or  failure  (such  as  loss  of  power)  or  to  implement  a  control  panel 
for  program  development  or  debug  purposes.  Both  of  these  uses  require  that  an 
asynchronous,  unplanned  program  termination  have  a  minimum  effect  upon  system 
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status;  that  is,  you  want  to  leave  behind  a  picture  of  the  system  as  it  looked  im- 
mediately before  the  program  termination  occurred. 
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Figure  14-14.  initiating  PACE  Level  0  Interrupt  Using  NHALT  and  CONTIN  Signals 

Remember  that  other  levels  of  interrupts  store  the  contents  of  the  Program  Counter  or 
the  Stack  and  reset  the  IEN  flag  in  the  Status  and  Control  Flag  register  This  sequence 
obviously  alters  the  'picture'  of  the  CPU  since  both  Stack  contents  and  Status  and  Con- 
trol Flag  register  contents  are  changed.  To  avoid  this,  the  Level  0  interrupt  response  by 
the  CPU  uses  an  external  memory  location  to  store  the  contents  of  the  Program 
Counter  Memory  location  0007-|6  holds  the  address  of  the  memory  word  where  the 
Program  Counter  should  be  stored.  Neither  are  the  contents  of  the  Status  and  Control 
Flag  register  altered;  CPU  internal  circuitry  resets  an  "IRO  INT  ENABLE"  flag  to  prevent 
another  interrupt  from  being  recognized  (refer  to  Figure  14-15)  but  this  is  not  discerni- 
ble to  you  After  the  Program  Counter  has  been  saved  in  the  designated  memory  loca- 
tion, the  instruction  contained  in  memory  location  0008-J6  is  executed;  this  is  the  first 
instruction  of  your  Level  0  interrupt  service  routine. 

Notice  that  this  sequence  has  not  altered  anything  within  the  CPU  that  is  discernible  to 
you  or  to  a  program;  the  Stack,  Accumulators,  and  Status  and  Control  Flag  register  are 
all  unchanged.  Additionally,  avoiding  use  of  the  Stack  ensures  that  there  will  not  be  a 
Stack  overflow  —  and  in  consequence  a  Stack  interrupt  generated  by  this  interrupt 
response  sequence. 

The  normal  Return-from-lnterrupt  (RTI)  instruction  that  must  be 
executed  at  the  end  of  your  interrupt  service  routine  causes  the 
Program  Counter  to  be  restored  from  the  Stack.  Since  the  Level  0 
interrupt  sequence  does  not  utilize  the  Stack  to  store  the  Pro- 
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gram  Counter,  a  different  technique  must  be  used  to  return  control  to  the  inter- 
rupted program.  First  you  must  execute  a  Set  Flag  (SFLG)  or  Pulse  Flag  (PFLG)  instruc- 
tion referencing  bit  15  in  the  Status  and  Control  Flag  register.  This  bit  always  appears 
to  be  set  to  a'1 ',  but  must  be  referenced  in  this  case  to  enable  lower  levels  of  interrupts 
Next  you  must  execute  a  Jump  Indirect  (JMP@)  through  the  location  pointed  to  by  the 
contents  of  memory  location  0007] 6  to  restore  the  original  Program  Counter  contents, 
As  we  mentioned  earlier  in  our  description  of  Stack  interrupts,  the 
PACE  interrupt  system  is  powerful,  but  current  versions  of  PACE 
have  some  circuit  problems  Another  problem  is  associated  with 
the  Level  0  interrupt;  it  is  more  complicated  to  describe  and  more 
complicated  to  solve  than'the  Stack  interrupt  problem.  Here's  the 
problem; 

If  a  Level  0  interrupt  occurs  within  the  12-clock-cycle  period  following  the  recog- 
nition of  any  other  interrupt,  PACE  will  either  perform  a  Processor  Stall  (which 
we've  described  earlier)  or  PACE  will  execute  the  Level  0  interrupt  —  but  using 
the  wrong  pointer  address.  In  short,  you  don't  know  what  might  happen  under  these 
circumstances.  There  is  a  fix  for  this  problem.  It  requires  that  external  logic  allow 
NHALT  to  be  applied  to  the  PACE  CPU  only  while  the  NADS  signal  is  present  and  pro- 
vided no  Acknowledge  Interrupt  (ACK  INT)  has  occurred  since  the  last  NADS  pulse 
ACK  INT  is  accompanied  by  a  negative-going  pulse  on  the  CONTIN  line  Sound  compli- 
cated? It  is. 

The  circuit  shown  in  Figure  14-15  is  reproduced  from  current  PACE  literature  and 
solves  the  problem  we've  just  described,  We  won't  attempt  to  describe  here  how  this 
circuit  solves  the  problem.  Note  that  this  circuit  only  takes  care  of  Level  0  interrupt 
problems:  if  you  also  want  to  use  NHALT  an'd  CONTIN  to  cause  a  Processor  Stall  you'll 
have  to  design  additional  external  logic. 

Once  again,  we  must  advise  that  these  interrupt  system  problems  exist  in  current 
PACE  CPU  chips.  You  should  refer  to  PACE  literature  for  additional  details  and  also 
to  determine  if  these  problems  may  have  been  resolved  in  later  versions  of  PACE. 

THE  PACE  INSTRUCTION  SET 

Table  14-1  summarizes  the  National  Semiconductor  PACE  instruction  set. 

The  primary  memory  reference  instructions  have  typical  minicomputer  addressing 
modes.  These  instructions  will  also  be  used  as  I/O  instructions,  since  external  devices 
are  identified  via  selected  memory  addresses. 


PACE 
DIRECT 
ADDRESSING 
OPTIONS 


In  Table  14-1,  "direct  addressing  options"  means  the  instruction 
can  reference  memory  using  any  of  the  direct  or  direct  indexed 
addressing  options  described  for  PACE. 

"Indirect  addressing  options"  similarly  specifies  any  of  the  indirect 
addressing  options  described  for  PACE 

Both  Branch  and  Skip  instructions  are  provided,  and  each  differs  significantly  from  the 
philosophies  described  in  Volume  I,  Chapter  6 

There  are  16  conditions  that  can  cause  a  Branch,  as  shown  in  Table  14-3.  Notice  that 
three  of  the  conditions  are  determined  by  external  inputs  JC13,  Hand  15  If  a  Branch- 
on-Condition  is  true,  then  the  displacement  which  is  added  to  the  Program  Counter  is 
an  8-bit,  signed  binary  number  as  described  in  Volume  I,  Chapter  6. 

There  are  three  varieties  of  Skip-on-Condition  instructions  SKNE,  SKG  and  SKAZ  com- 
pare the  contents  of  an  Accumulator  to  a  memory  location  which  is  addressed  usinq 
direct  or  direct  indexed  addressing;  based  on  the  results  of  the  comparison  the  in- 
struction following  the  Skip  may  or  may  not  be  executed  These  three  instructions  are 
therefore  combined  Skip  and  Memory  Reference  instructions 
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Figure  14-15.  Circuit  To  Prevent  Conflicts  Between  PACE  Level  0 
Interrupts  And  Lower  Priority  interrupts 
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ISZ  and  DSZ  identify  a  memory  location  using  direct  or  direct  indexed  addressing;  the 
contents  of  the  addressed  memory  location  are  incremented  (ISZ)  or  decremented  (for 
DSZ);  if  after  the  increment  or  decrement  operation  the  memory  location  contains  a  0 
value,  then  the  Skip  is  performed. 

The  AISZ  instruction  adds  an  8-bit  signed  binary  number  to  the  contents  of  an  Ac- 
cumulator; if  the  result  is  0,  a  Skip  is  performed. 

These  Skip  instructions  will  be  very  familiar  to  minicomputer  programmers   and  on 

most  microcomputers,  are  equivalent  to  a  secondary  Memory  Reference  or  Immediate 

Operate  instruction,  followed  by  a  Branch-on-Condition  instruction. 

The  following  symbols  are  used  in  Table  14-1; 

ACO  Accumulator  0 

C  Carry  status 

CC  4-bit  Condition  Code  described  in  Table  14-3 

D  Any  Destination  register 

DATA8      8-bit  binary  data  unit 

DISP(X)      Direct  or  indexed  addressing  operands  as  explained  in  the  text 

@  DISP(X)  Indirect  addressing  operands  as  explained  in  the  text 

EA  The  effective  address  generated  by  the  specified  operands. 

f  4-bit  quantity  selecting  a  bit  in  the  Flag  Word. 

FW  Flag  Word  described  in  the  text. 

Interrupt  Enable  status 

A  1-bit  unit  determining  whether  LINK  is  included  in  the  shift/rotate. 
L  Link  status 

n  Seven  bits  determining  how  many  single  bit  shift/rotates  are  performed, 

0  Overflow  status 

PC  Program  Counter 

r  Any  register  of  the  Accumulator:  ACO,  AC1,  AC2  or  AC3 

S  Any  Source  register 

ST  Top  word  of  on-chip  Stack. 

x  <y,z>     Bits  y  through  z  of  the  quantity  x.  For  example.  r<7,0>  is  the  low  order  byte 
of  the  specified  register 

[]  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is 

enclosed  within  the  brackets,  then  the  designated  register's  contents  are 
specified.lf  a  memory  address  is  enclosed  within  the  brackets,  then  the  con- 
tents of  the  addressed  memory  location  are  specified. 

[[  ]]  Implied  memory  addressing;  the  contents  of  the  memory  location  designated 

by  the  contents  of  a  register. 
A  Logical  AND 

V  Logical  OR 

V  Logical  Exclusive-OR 

*—  Data  is  transferred  in  the  direction  of  the  arrow. 

«      ►  Data  is  exchanged  between  the  two  locations  designated  on  either  side  of 

the  arrow. 

Under  the  heading  of  STATUSES  in  Table  14-1,  an  X  indicates  statuses  which  are 
modified  in  the  course  of  the  instruction's  execution.  If  there  is  no  X,  it  means  that  the 
status  maintains  the  value  it  had  before  the  instruction  was  executed, 
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The  following  symbols  are  used  in  Table  14-2; 

aa  Two  bits  choosing  the  destination  register 

bb  Two  bits  choosing  the  Index  register. 

cccc  Four  bits  choosing  the  Condition  Code.  See  Table  14-3. 

ee  Two  bits  choosing  the  source  register 

ffff  Four  bits  selecting  a  bit  in  the  Flag  Word. 

I  One  bit  determining  whether  Link  is  included  in  a  shift  or  rotate. 

nnnnnnn  Seven  bits  determining  how  many  single  bit.  shifts  or  rotates  are  performed. 

PP  8-bit  signed  displacement 

QQ  Eight  bits  of  immediate  data. 

x  A  "don't  care"  bit. 

XX  A  "don't  care"  byte. 

Table  14-2    PACE  Instruction  Set  Object  Codes 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE  CYCLES 

TOTAL 

INTERNAL 

INPUT 

OUTPUT 

ADD         r.DISP  (X) 

1 1 10aabb 
PP 

2 

4 

2 

2 

AISZ         r,DATA8 

011110aa 
QQ 

2 

5/6 

4/5 

1 

AND         O.DISP  (X) 

101010bb 
PP 

2 

4 

2 

2 

BOC          CC.DISP 

OlOOcccc 
PP 

2 

5/6 

4/5 

1 

CAI           r,DATA8 

011100aa 
QQ 

2 

5 

4 

1 

CFR           f 

000001aa 
XX 

2 

4 

3 

1 

CRF          f 

OOOOIOaa 
XX 

2 

4 

3 

1 

DECA       O.DISP  (X) 

1OOO10bb 
pp 

2 

7 

5 

2 

DSZ          DISP(X) 

10101 1bb 
PP 

2 

7/8 

4/5 

2 

1 

HALT 

OOOOOOxx 
XX 

2 

_ 

_ 

1 

ISZ            DISP  (X) 

10001 1bb 
PP 

2 

7/8 

4/5 

2 

1 

JMP          DISP  (X) 

0001 lObb 
PP 

2 

4 

3 

1 

JMP          #DISP  (X) 

1001 10bb 
pp 

2 

4 

2 

2 

JSR           DISP  (X) 

0001 01bb 
PP 

2 

5 

4 

1 

JSR           @DISP(X) 

100101bb 

2 

5 

3 

2 

LD             r,DISP{X} 

1100aabb 
PP 

2 

4 

2 

2 

ID             0,@DISP(X) 

101000bb 
PP 

2 

5 

2 

3 

LI               r,DATA8 

010100aa 
QQ 

2 

4 

3 

1 

LSEX        O.DISP  (X) 

101111bb 
PP 

2 

4 

2 

2 

OR            O.DISP  (X) 

101001bb 
PP 

2 

4 

2                        2 
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Table  14-2,  PACE  Instruction  Set  Object  Codes  (Continued) 


INSTRUCTION 

OBJECT  CODE 

BYTES 

MACHINE  CYCLES 

TOTAL 

INTERNAL 

INPUT 

OUTPUT 

PFLG         f 

0011ffff 
Oxxxxxxx 

2 

6 

5 

PULL         r 

01100laa 
XX 

2 

4 

3 

PULLF 

000100xx 
XX 

2 

4 

3 

PUSH        r 

OHOOOaa 
XX 

2 

4 

3 

PUSHF 

000011xx 
XX 

2 

4 

3 

RADC       S,D 

b011TO1aa 
-eexxxxxx 

2 

4 

3 

RADD       S,D 

Ot1010aa 
eexxxxxx 

2 

4 

3 

RAND       S,D 

010101aa 
eexxxxxx 

2 

4 

3 

RCPY       S,D 

0101 11aa 
eexxxxxx 

2 

4 

3 

ROL          r,n,i 

001000aa 
nnnnnnni 

2 

5  +  3n 

4  +  3n 

ROR          r.n.l 

001001aa 
nnnnnnni 

2 

5  +  3n 

4  +  3n 

RTI 

011111xx 
PP 

2 

6 

5 

RTS 

lOOOOOxx 
PP 

2 

5 

4 

RXCH       S,D 

01101 laa 
eexxxxxx 

2 

6 

5 

RXOR       S,D 

0101 10aa 
eexxxxxx 

2 

4 

3 

SFLG        f 

0011ffff 
Ixxxxxxx 

2 

5 

4 

SHL          r,n,i 

OOlOlOaa 
nnnnnnn! 

2 

5  +  3n 

4  +  3n 

SHR          r,n,t 

00101 1aa 
nnnnnnni 

2 

5  +  3n 

4+3n 

SKAZ       0,DISP(X) 

101110bb 
PP 

2 

5/6 

3/4 

2 

SKG          O.DISP  (X) 

1001 11 bb 
PP 

2 

7/8 

5/6 

2 

SKNE        r.DISP  (X) 

1 1 1 Taabb 
pP 

2 

5/6 

3/4 

2 

ST             r,DISP(X) 

1101aabb 
PP 

2 

4 

2 

1 

1 

ST             0,®DISP(X) 

101100bb 
Pp 

2 

4 

1 

2 

1 

SUBB        0,DISP  (X) 

10010Qbb 
pp 

2 

4 

2 

2 

I    XCHRS     r 

0001 11aa         I 

2 

6 

5 

1 

L 



xx          I 

*AII  instructions  may  take  additional  cycles  if  Extend  Read  and  Extend  Write  are  implemented. 
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Table  14-3.  Branch  Conditions  For  PACE  BOC  Instruction 

Condition 

Mnemonic 

Condition 

Code  (CO 

0000 

STFL 

Stack  Full  (contains  nine  or  more  words). 

0001 

REQ0 

(ACO)  equal  to  zero  (see  Note  1). 

0010 

PSIGN 

(ACO)  has  positive  sign  (see  Note  2). 

0011 

BITO 

Bit  0  of  ACO  true- 

0100 

BIT1 

Bit  1  of  ACO  true. 

0101 

NREQO 

(ACO)  is  nonzero  (see  Note  1). 

0110 

BIT2 

Bit  2  of  ACO  is  true. 

0111 

CONTIN 

CONTIN  (continue)  input  is  true. 

1000 

LINK 

LINK  is  true. 

1001 

IEN 

IEN  is  true. 

1010 

CARRY 

CARRY  is  true. 

1011 

NSIGN 

(ACO)  has  negative  sign  (see  Note  2). 

1100 

OVF 

OVF  is  true. 

1101 

JC13 

JC1 3  input  is  true  (see  Note  3). 

1110 

JC14 

JC14  input  is  true. 

1111 

JC15 

JC15  input  is  true. 

NOTES: 

1.  If  selected  data  length  is  8  bits,  only  bits  0  through  7  of  ACO  are  tested. 

2.  Bit  7  is  sign  bit  (instead  of  bit  15)  if  selected  data  length  is  8  bits. 

3.  JC13  is  used  by  PACE  Microprocessor  Development  System  and  is  not  accessible 
during  prototyping. 

THE  BENCHMARK  PROGRAM 

For  PACE,  our  standard  benchmark  program  adopts  this  modified  form: 

LOAD  I/O  BUFFER  ADDRESS  INTO  AC2 
LOAD  ADDRESS  OF  FIRST  FREE  TABLE  BYTE 
MOVE  TO  AC3 
LOOP         LD  0,0  (2)  LOAD  NEXT  BYTE  FROM  I/O  BUFFER 

STORE  IN  NEXT  TABLE  BYTE 
INCREMENT  AC2 
INCREMENT  AC3 

DECREMENT  I/O  BUFFER  LENGTH.  SKIP  IF  ZERO 
RETURN  FOR  MORE  BYTES 
MOVE  AC3  CONTENTS  TO  ACO 
RESTORE  ADDRESS  OF  FIRST  FREE  TABLE  BYTE 

In  order  to  take  advantage  of  PACE'S  indirect  addressing,  three  memory  locations  are 
reserved  on  page  0  as  follows: 

IOBUF        holds  the  beginning  address  of  the  I/O  buffer.     . 

TABLE       holds  the  address  of  the  first  free  byte  in  the  permanent  data  table. 

IOCNT       holds  the  number  of  data  words  in  the  I/O  buffer. 


LD 

2.IOBUF 

LD 

0,@TABLE 

RCPY 

0,3 

LD 

0,0  (2) 

ST 

0,0  (3) 

AISZ 

2,1 

AISZ 

3.1 

DSZ 

IOCNT 

JMP 

LOOP 

RCPY 

3,0 

ST  , 

0,@TABLE 
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Memory,  as  organized  for  the  PACE  benchmark  program  will  look  like  this: 

Memory 

MEMORY 


-  Data  oil  Base  Page 


-  Start  of  I/O  Buffer 


-  Start  of  Data  Table 


First  free  word  of  Data  Table 


Suppose  the  benchmark  program  rules  arbitrarily  force  the  address  of  the  first  free  data 
table  byte  to  be  computed  as  described  for  the  Fairchild  F&  A  displacement  must  be 
stored  in  the  first  word  of  the  data  table,  and  this  displacement  must  be  added  to  the 
address  of  the  first  word  of  the  data  table,  in  order  to  compute  the  address  of  the  first 
free  data  table  word: 


-  First  data  table  word 


•  First  free  data  table  word 


Now  the  PACE  instructions: 


LD 
RCPY 


0,@TABLE 
0,3 


LOAD  ADDRESS  OF  FIRST  FREE  TABLE  BYTE 
MOVE  TO  AC3 


must  be  replaced  by  these  instructions: 

LD  3JABLE  LOAD  BEGINNING  ADDRESS  OF  DATA  TABLE 

LD  0,0  (3)  LOAD  DISPLACEMENT  TO  FIRST  FREE  TABLE  WORD 


RADD        0,3 


ADD  DISPLACEMENT  TO  AC3 
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The  new  displacement  must  be  restored  to  the  first  data  table  word.  The  PACE  instruc- 
tions: 


RCPY 
ST 


3,0  MOVE  AC3  CONTENTS  TO  ACO 

0,  ©TABLE       RESTORE  ADDRESS  OF  FIRST  FREE  TABLE  BYTE 


must  be  replaced  by  these  instructions: 

LD  0.TA8LE  LOAD  BEGINNING  ADDRESS  OF  DATA  TABLE  IN  ACO 

CAI  0,1  FORM  TWOS  COMPLEMENT 

RADD  0,3  SUBTRACT  ACO  FROM  AC3  TO  FORM  DISPLACEMENT 

RCPY  3,0  MOVE  DISPLACEMENT  TO  ACO 

LD  3.TABLE  LOAD  BEGINNING  ADDRESS  OF  DATA  TABLE  IN  AC3 

ST  0,0  (3)  SAVE  DISPLACEMENT  IN  FIRST  FREE  TABLE  WORD 

Forcing  a  PACE  programmer  to  conform  to' programming  logic  suited  to  some  other 
microcomputer's  instruction  set  only  proves  that  the  two  microcomputers  have 
different  instruction  sets 

Observe  that  changes  demanded  of  PACE  in  order  to  conform  to  the  F8  ground  rules 
will  make  the  PACE  benchmark  program  look  quite  poor  On  the  other  hand,  were  the 
PACE  ground  rules  imposed  on  the  F8,  the  situation  would  be  totally  reversed.  For  ex- 
ample, PACE  ground  rules  could  specify  that  all  tables  may  be  more  than  256  bytes 
long.  This  specification  would  have  no  impact  whatsoever- on  the  PACE  benchmark  pro- 
gram, but  it  would  probably  double  the  size  of  the  F8  microcomputer  program. 

THE  PACE  DP8302  SYSTEM  TIMING  ELEMENT  (STE) 

The  STE  is  a  very  elementary  clock  device;  it  accepts  inputs  from  an  external 
crystal  and  generates  the  MOS  clock  signals  for  PACE,  plus  a  pair  of  TTL  level 
clock  outputs  that  can  be  used  for  synchronizing  system  operations.  Figure  14-16 
illustrates  the  pin  assignments  of  the  STE. 


X1 

X2 

EXTC 

TCLK 

TCLK* 

GND 


1 

16 

2 

15 

■ 

^- 

3 
4 
5 
6 
7 
8 

STE 
DP8302 

14 
13 
12 

► 

1 1 
10 
9 

vCc 

CK 
CLK 
NCLK 

VGG 
NCK 
LCK 
LCK* 


PIN  NAME  DESCRIPTION  TYPE 

XI,  X2  External  crystal  connections  Input 

CLK,  NCLK  Damped  MOS  clocks  to  PACE  Output 

CK,  NCK  Undamped  MOS  clocks  to  PACE  Output 

TCLK,  TCLK*  TTL  clocks  to  microcomputer  system  Output 

EXTC  External  oscillator  option  Input 

LCK,  LCK*  Non-overlap  capacitor  connection 

^CC-  VGG  Power  and  Ground 

Figure  14-16.   DP8302  System  Timing  Element  (STE)  Pins  and  Signals 
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STE 

CLOCK 

FREQUENCY 


The  frequency  of  the  MOS  clocks  output  by  the  STE  is  one-half  the 
input  crystal  frequency.  The  STE  is  designed  to  operate  with  a 
2.6667  MHz  crystal  The  MOS  clock  frequency  is  thus  1  3333  MHz 
which  results  in  a  clock  period  (tp)  of  750  nanoseconds  (tp=  1/f); 
this  is  the  optimal  clock  period  for  the  PACE  CPU. 

Two  pairs  of  MOS  clock  outputs  are  generated  by  the  STE;  NCLK/NCLK*  and 
NCK/NCK*.  The  first  pair  of  outputs  contain  a  25 il  series  damping  resistor;  typically, 
these  outputs  will  be  used  in  circuit  board  layouts  where  the  STE-to-PACE  interconnect 
lines  are  less  than  two  inches.  The  other  MOS  outputs,  NCK  and  NCK*.  are  undamped 
and  you  can  select  some  other  value  of  series  damping  resistors  that  might  be  better 
suited  for  your  particular  board  layout 


In  addition  to  the  +5V  and  12V  power  supplies  typically 
needed  with  MOS  devices,  the  PACE  CPU  has  a  third  power 
supply  requirement;  a  substrate  bias  voltage  (V"bb)  of  +8V 
must  be  applied  to  the  CPU  chip.  Since  it  is  unlikely  that  any 
other  devices  in  your  microcomputer  system  would  require  this 
voltage  level,  the  need  for  a  third  external  system  power  source 
can  be  eliminated  by  providing  a  voltage  converter  circuit  Figure  14-17  shows  a  cir- 
cuit that  generates  the  required  VBb  voltage  level;  the  circuit  requires  only  a  few 
components  and  uses  one  of  the  STE's  TTL  clock  outputs  as  a  'charge  pump'  for  the  cir- 
cuit 


GENERATING 
THE  PACE 
SUBSTRATE 
BIAS 
VOLTAGE 


OAfxF 


1N914  f~£  LM103  t*   0.1  mF 

3V 


0 

+  5V 


Figure  14-17    Circuit  To  Generate  Substrate  Bias  Voltage  (Vbb)  For  PACE  CPU 


14-39 


THE  PACE  BIDIRECTIONAL  TRANSCEIVER 
ELEMENT  (BTE) 


The  DP8300  BTE  is  an  8-bit  device  that  provides  an  interface  between  the  PACE 
MOS-level  signals  and  the  TTL-level  signals  required  by  other  devices  in  a 
microcomputer  system.  If  you  refer  back  to  Figure  14-1  at  the  beginning  of  this 
chapter,  you  will  see  that  a  typical  PACE  microcomputer  system  requires  three 
BTEs:  two  are  used  to  buffer  the  CPU's  1 6  address/data  lines,  and  the  third  is  used  as  a 
TTL  driver  for  the  CPU's  control  signal  outputs  (NADS,  ODS,  IDS,  F1 1  -  F14). 

Figure  14-18  shows  the  pin  assignments  for  the  BTE. 


WBD* 
GND 


PIN  NAME 

MBi/O  00  -  07 
BDI/O  00  -  07 
CE1,  CE2*, 
STR*,  WBD* 
Vcc,  GND 


DESCRIPTION 

MOS  Bus  Data  Lines 
TTL  Bus  Data  Lines 
Mode  Control  Signals 


TYPE 

Input/Output 
Input/Output 
Input 


BTE  MODE 

CONTROL 

SIGNALS 


+  5V  Power  and  Ground 

Figure  14-18.      BTE  Signals  And  Pin  Assignments 

Table  14-4  summarizes  the  operating  modes  of  the  BTE. 

WBD*  is  the  main  mode  control  signal;  when  this  signal  is  tow, 
the  other  control  signals  are  ignored  and  the  BTE  simply  converts 
the  MOS  signals  from  the  CPU  into  TTL-level  output  signals,  The 
TTL  outputs  have  a  high  fan-out  capability  and  can  service  up  to  thirty  50  milliampere 
loads  The  BTE  used  to  buffer  the  PACE  control  signals  normally  operates  con- 
tinuously in  this  drive-only'  mode  (Mode  1)  and  is  kept  in  this  mode  by  simply 
connecting  the  WBD*  signal  to  ground. 

The  BTEs  used  to  buffer  bidirectional  (address/data)  lines  must  be  switched  back 
and  forth  between  Modes  1  and  2;  Mode  1  is  used  for  CPU  data  output  and  Mode 
2  for  CPU  data  input.  The  simplest  way  of  accomplishing  this  is  to  continuously  enable 
the  CE1,  CE2*,  and  STR*  controls  by  connecting  them  to  appropriate  logic  levels  (+5V 
or  ground)  and  then  use  the  WBD*  signal  for  directional  control  For  example,  in  a  PACE 
system,  the  IDS  signal  from  the  CPU  could  be  used  as  the  input  to  WBD*.  During  a 
PACE  data  input  cycle,  IDS  will  go  high  at  the  appropriate  portion  of  the  cycle  and  place 
the  BTE  in  Mode  2;  IDS  is  low  at  all  other  times  and  the  BTE  will  operate  in  Mode  1. 
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Table  14-4.  PACE  BTE  T 

ruth  Table 

MODE 

# 

CONTROL  INPUTS 

MODE  DESCRIPTION 

CE1 

CE2* 

STR* 

WBD* 

1 

X 

X 

X 

0 

Receive  MOS  signals  and 
drive  TTL  signals 

2 

1 

0 

0 

1 

Receive  TTL  signals  and 
drive  MOS  signals 

3 

0 

0 

0 

1 

Outputs  in 

high-impedance 

state 

0 

1 

0 

1 

1 

1 

0 

1 

4 

X 

X 

1 

1 

On  positive-edge  transition 
of  STR*,  latch  into  Mode  2 
or  3  as  determined  by  state 
of  CE1  and  CE2* 

X  =  don't  care 

In  a  DMA  or  multiprocessor  we  will  need  to  use  BTE  Mode  3  to  place  the  BTE  out- 
puts in  a  high-impedance  state  and  thus  free  the  System  Busses  for  use  by  other 
devices.  In  such  a  system  an  externally  generated  Bus  Grant  signal  could  be  used  to 
place  the  BTE  in  Mode  3  Figure  14-19  illustrates  one  method  of  doing  this:  whenever 
the  BUS  GRANT  signal  is  high,  the  BTE  is  in  Mode  3.  At  other  times  the  IDS  signal  oper- 
ates as  we've  just  described  to  switch  the  BTE  back  and  forth  between  Modes  1  and '2. 


BUS  GRANT 


CE1 
BTE 

15           1 

WBD* 

t                         14 

CE2*                 STR* 

13 

1 

Figure  14-19,  Signal  Connections  To  Control  BTE  In  A  DMA  System 

The  fourth  BTE  mode  uses  a  negative-to  positive  transition  on  the  STR*  input  to 
latch  the  state  of  CE1  and  CE2*,  and  then  places  the  BTE  in  either  Mode  2  or  Mode 

3.  This  latch  mode  function  might  be  useful  when  the  BTE  is  used  as  a  simple  input 
buffer  For  example,  in  a  system  with  multiplexed  address/data  lines  {such  as  PACE), 
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address  outputs  could  be  applied  to  CE1  and  CE2*  and  an  address  strobe  signal  (such 
as  NADS)  connected  to  STR*.  Then,  when  the  BTE  is  selected  by  the  appropriate  ad- 
dress bits,  the  trailing  edge  of  the  strobe  signal  would  gate  TTL  data  through  the  BTE 
and  apply  the  data  to  the  MOS  lines  of  the  CPU  When  the  BTE  is  not  selected  (ad- 
dressed), its  outputs  would  be  in  the  high  impedance  state  (Mode  3). 


THE  DP8301  MICROPROCESSOR  INTERFACE 
LATCH  ELEMENT  (MILE) 

The  DP8301  MILE  is  the  most  complicated  of  the  limited  family  of  PACE  support 
devices,  although  it  is  still  quite  simple  when  compared  to  support  devices  available  in 
other  microcomputer  families.  Nonetheless,  the  MILE  is  quite  versatile;  it  is  useful 
and  cost-effective  in  any  microcomputer  system  where  a  bidirectional  I/O  port  is 
required. 

The  MILE  device  consists  of  a  data  latch,  bidirectional  tristate  buffers,  device  and 
mode  select  logic,  and  status  flags  for  handshaking  or  interrupt  logic.  The  data 
latch  consists  of  eight  D-type  flip-flops,  The  inputs  to  the  flip-flops  can  be  either  from 
the  CPU  (Bus)  side  or  the  peripheral  side  of  the  I/O  port  The  Q  outputs  of  the  flip-flops 
are  connected  to  two  tristate,  noninverting  buffers;  one  buffer  can  be  enabled  to  drive 
the  CPU  (Bus)  data  lines,  and  the  other  buffer  can  drive  the  peripheral  data  lines.  The 
device  and  mode  select  logic  determines  the  source  of  data  to  be  used  as  inputs  to  the 
flip-flops  and  also  enables  the  desired  output  buffer(s).  The  status  flags  indicate  to  ex- 
ternal logic  what  the  contents  of  the  flip-flops  consist  of.  Figure  14-20  is  a  block 
diagram  representation  of  the  MILE. 
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CPU  j(6\ 
(BUS)  /  ^^ 
DATA 


BUS  DATA 
CONTROL  SIGNALS 


^9)  f      PERIPHERAL 
~     ?     DATA 
18)1     CONTROL  SIGNALS 


©      © 


STATUS  SIGNALS 
FOR  INTERRUPT 
AND  HANDSHAKING 


Figure  14-20.  Block  Diagram  Of  PACE  DP8301  MILE 
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MILE  PINS  AND  SIGNALS 

DP8301  MILE  pins  and  signals  are  illustrated  in  Figure  14-21.  We  will  describe 
these  pins  and  signals  with  reference  to  Figure  14-20,  and  to  Table  14-5  which 
defines  the  available  modes  of  operation  for  the  MILE. 


PIN  NAME 

DESCRIPTION 

TYPE 

D0-D7 

CPU  (Bus)  Data 

Input/Output 

P0-P7 

Peripheral  Data 

Input/Otput 

DIN1,  DIN2 

CPU  (Bus)  Data  Input  Mode  Controls 
CPU  (Bus)  Data  Output  Mode  Controls 

Input 

D0UT1,  D0UT2 

Input 

PIN 

Peripheral  Data  Input  Mode  Control 

Input 

POUT 

Peripheral  Data  Output  Mode  Control 

Input 

STD 

CPU  (Bus)  Data  Status  Signal 

Output 

STP 

Peripheral  Data  Status  Signal 

Output 

CS 

Device  Select 

Input 

CLR 

Device  Clear 

Input 

vCC 

Power 

GND 

Ground 

Figure  14-21.  MILE  Signals  And  Pin  Assignments 

DO  -  D7  are  data  input/output  pins  that  are  used  by  the  CPU  to  write  data  into  and 
read  data  out  of  the  MILE.  On  a  write  (Mode  1)  operation,  these  lines  are  applied 
to  the  eight  data  inputs  of  the  D-type  flip-flops  that  comprise  the  Data  Latch  with- 
in the  MILE.  On  a  read  (Mode  2)  operation,  the  Q  outputs  of  the  flip-flop  are  gated 
through  tristate  buffers  and  output  via  pins  DO  -  D7. 

P0  -  P7  are  data  input/output  pins  used  by  a  peripheral  device  to  write  data  into 
the  MILE  (Mode  3)  or  read  data  out  of  the  MILE  (Mode  4).  It  is  important  to  note 
that  the  MILE  provides  only  one  Data  Latch,  essentially  a  set  of  eight  D-type  flip- 
flops.  There  are  no  separate  latches  for  CPU  data  and  peripheral  data.  Instead,  the 
MILE  control  signals  select  which  data  lines  (DO  -  07  or  PO  -  P7)  will  be  applied  to  the  D 
inputs  of  the  Data  Latch  and/or  Q  outputs  of  the  Data  Latch.  Because  of  this,  some 
rules  must  be  established  to  prevent  conflicts.  As  we  shall  see  shortly,  the  MILE  Mode 
Control  and  Device  Select  logic  establishes  these  rules  and  resolves  potential  conflicts 
with  a  built-in  priority  scheme.  We'll  discuss  these  rules  in  detail  after  we've  finished 
describing  the  remaining  MILE  signals. 

CS  is  the  chip  select  signal  and  must  be  low  for  any  data  transfers  to  occur  on  the 
CPU  side  of  the  MILE.  Notice  that  data  transfers  can  occur  on  the  peripheral  side 
of  the  device  regardless  of  the  state  of  the  CS  signal.  This  may  seem  a  bit  strange  at 
first  but  it  is  actually  quite  logical  Recall  that  a  CPU  may  have  many  I/O  ports  or  may 
even  treat  the  MILE  simply  as  a  memory  location. Thus  the  input  to  the  CS  pin  would 
typically  consist  of  an  address  bit  or  a  decoded  device  select  signal.  A  CPU  data  transfer 
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Table  14-5.  MILE  Mode  Control  Truth  Table 


MODE 

# 

p 

lo 

o 

Q 

CN 

z> 
o 

Q 

Q_ 

o 

MODE  DESCRIPTION 

1 

1 

0 

0 

X 

X 

X 

X 

Load  CPU  (Bus)  Data  into 
Data  Latch 

2 

0 

X 

0 

1 

0 

X 

X 

Gate  contents  of  Data  Latch 
onto  CPU  (Bus)  lines 

X 

1 

0 

1 

0 

X 

X 

3 

0 

X 

X 

X 

X 

1 

X 

Load  Peripheral  Data  into 
Data  Latch 

X 

1 

X 

X 

X 

} 

X 

X 

X 

1 

X 

X 

1 

X 

4 

X 

X 

X 

X 

X 

0 

1 

Gate  contents  of  Data  Latch 

I 

1 

0 

0 

X 

X 

X 

1 

onto  Peripheral  Data  Lines 

input 


output 


out 


CPU  (Bus) 

Data 
Controls 


Peripheral 

Data 
Controls 


would  occur  only  when  the  CPU  specifically  addresses  the  MILE  In  contrast  to  this  the 
peripheral  side  of  the  MILE  will  typically  be  dedicated  to  servicing  a  simple  peripheral 
device  and  therefore  no  addressing  or  select  function  would  be  necessary 

DIN1  and  DIN2  must  be  high  and  low,  respectively,  to  enable  the  contents  of  the 
DO  -  D7  lines  to  be  loaded  into  the  Data  Latch. 


DOUT1  and  DOUT2  must  be  high  and  low,  respectively,  to  enable  the  contents  of 
the  Data  Latch  to  be  output  on  the  DO  -  D7  lines. 

PIN  must  be  high  to  enable  the  contents  of  the  PO  -  P7  lines  to  be  loaded  into  the 
Data  Latch. 

POUT  must  be  high  to  enable  the  contents  of  the  Data  Latch  to  be  output  on  the 
PO  -  P7  lines. 

STD  and  STP  are  status  flag  output  signals  that  can  be  used  for  handshaking  or  in- 
terrupt logic.  STD  goes  high  when  the  Data  Latch  is  loaded  from  the  DO  -  D7  lines  and 
goes  low  when  the  contents  of  the  Data  Latch  are  gated  out  onto  the  PO  -  P7  lines  STP 
works  in  just  the  opposite  way:  it  goes  high  when  the  Data  Latch  is  loaded  from  the  pe- 
ripheraUide  (PO  -  P7)  and  goes  low  when  that  data  is  output  to  the  opposite  side 

CLR  is  the  reset  input  signal.  When  it  goes  low  it  clears  the  Data  Latch  and  sets 
STD  and  STP  low. 

MILE  DEVICE  SELECT  AND  MODE  CONTROL  LOGIC 

Table  14-5  summarizes  the  functions  of  the  seven  control  signal  inputs  to  the 
MILE  and  the  resultant  operational  modes  that  are  produced.  There  are  a  couple  of 
non-obvious  aspects  of  this  table.  First,  there  is  a  definite  priority  structure  in 
herent  in  the  mode  control  logic;  second,  the  MILE  can  operate  in  two  modes 
simultaneously.  To  make  this  more  clear,  we  will  simplify  the  table.  Let  us  combine 
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the  DIN1 ,  DIN2  and  CS  signals  into  a  single  control  which  we'll  call  DIN.  We  can  do  this 
since  all  three  of  these  signals  must  be  true  at  the  same  time  in-order  to  effect  the 
desired  mode.  Let  us  do  the  same  thing  with  DOUT1 ,  DOUT2  and  CS  and  call  the  resul- 
tant  control  signal  POUT.  So  now,  DIN-DI N 1  •  DIIM2  •  CS  and 
DOUT=DOUT1  -DOUT2.CS,  and  our  truth  table  looks  like  this: 


MODE 

DIN 

DOUT 

PIN 

POUT 

FUNCTION 

1 

1 

X 

X 

OK 

Input  to  Latch  from  DO  -  D7 

2 

0 

i 

OK 

OK 

Output  from  Latch  to  DO  -  D7 

3 

0 

OK 

1 

X 

Input  to  Latch  from  PO  -  P7 

4 

OK 

OK 

X 

1 

Output  from  Latch  to  PO  -  P7 

In  this  simplified  table  we've  used  the  following  conventions: 

•  A  '1'  means  that  the  indicated  signal  must  be  true 

•  A  '0'  means  that  the  signal  must  be  false 

•  An  'X'  means  the  signal  is  simply  ignored 

•  An  'OK'  means  that  the  signal  (and  its  associated  function)  can  occur  without  interfer- 
ing with  the  primary  mode  However,  only  one  secondary  mode  can  be  implemented 
at  a  time 

Now  we  can  see  that  when  DIN  is  true,  the  MILE  is  in  Mode  1;  Modes  2  (DOUT) 
and  3  (PIN)  are  disallowed  since  they  would  interfere  with  Mode  1  operation. 
Mode  4  (POUT)  is  permitted  to  occur  at  the  same  time  as  Mode  1  since  there  is  no 
conflict.  Here  is  what  would  happen:  DIN  would  load  the  contents  of  DO  -  D7  into  the 
Data  Latch,  and  POUT  would  gate  the  contents  of  the  Data  Latch  out  onto  the  PO  -  P7 
lines.  Thus,  the  MILE  would  effectively  be  operating  as  a  flow-through  latch.  Similar 
non-conflicting  simultaneous  functions  are  allowed  in  all  four  modes 

In  the  preceding  paragraphs,  we  combined  some  of  the  MILE 
control  signals  and  ended  up  with  just  four  controlling  in- 
puts: DIN,  DOUT,  PIN  and  POUT.  We  will  use  these  same  four- 
signals  for  a  bit  longer  as  we  describe  timing  considerations  for  MILE  input  and  output 
operations. 

The  DIN  and  PIN  signals  are  used  as  the  clock  input  to  the  Data  Latch.  When  one 
of  these  signals  is  high,  the  contents  of  the  Data  Latch  follow  the  selected  data  in- 
put lines  (DO  -  D7  or  PO  -  P7).  When  DIN  or  PIN  returns  low,  the  Data  Latch  will  re- 
tain the  input  information  that  was  present  at  the  time  of  the  clock  transition. 

Thus,  timing  for  a  data  input  or  write  operation  looks  like  this: 


MILE  TIMING 
CONSIDERATIONS 


DATA  LINES  « 
(DO  -  D7  or  PO  -  P7)  , 


DATA  LATCH  ' 
CONTENTS  . 


I 


*f 


VALID  DATA 


^fc 


3C± 


* 


DATA  MAY  CHANGE 


VALID  DATA  LATCHED 


A  data  output  or  read  operation  is  controlled  by  the  DOUT  or  POUT  signal.  The  tim- 
ing is  extremely  simple  since  it  only  involves  enabling  the  outputs  of  tristate 
buffers. 
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DOUT  or  POUT  « 

DATA  LINES  ' 
(DO  -  D7  or  PO  -  P7)  « 


HIGH  IMPEDANCE 


:E        J  VALID  DATA  OUT        | 


HIGH  IMPEDANCE 


The  contents  of  the  Data  Latch  are  simply  gated  out  through  tristate  buffers  onto  the 
DO  -  D7  or  PO  -  P7  (or  both)  as  long  as  the  DOUT  or  POUT  signal  is  high.  The  outputs  of 
the  data  lines  are  kept  in  the  tristate  high  impedance  mode  at  all  other  times. 

After  these  discussions  where  we've  treated  several  control  signals  as  though  they 
were  a  single  control  input  you  may  be  beginning  to  wonder  why  so  many  control  sig- 
nals are  provided:  the  same  control  obviously  could  be  obtained  with  just  a  few  sig- 
nals. The  answer  is  that  multiple  control  signals  make  the  CPU-I/O  port  interface  easier 
to  implement;  therefore,  the  MILE  can  be  used  easily  with  many  different 
microcomputers.  Let  us  present  a  few  examples  to  demonstrate  this  flexibility. 

First,  let  us  see  how  the  MILE  might  be  interfaced  to  a  PACE 
CPU. 


MILE  USED 
WITH  PACE 
CPU 


Derive  CS 
from  Address  Bus 


Data 

To/From 

PACE  CPU 


Externa!  logic  must  generate 
these  control  signals 


Tie  DIN2  and  D0UT2  to  Ground.  Now  ODS  and 

,DS   fromJLACE   CPU   Provide   mocle   control 
whenever  CS  is  low. 


In  this  example  two  control  inputs,  D1N2  and  DOUT2.  are  not  used  at  all.  in  some  PACE 
systems,  however,  we  might  connect  these  inputs  to  selected  address  bits  and  thus 
reduce  the  amount  of  address  decoding  logic  required  in  the  system. 
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Now  let  us  look  at  how  the  MILE  might  be  used  in  an  8080  system. 


Derive  CS  from  ■ 
Address  Bus 


Data  To /From 
8228  System 
Controlier 


/From        \  MEMWorl/OW- 
'   8228          \ 

i    System      I  

\  Controller  /  MEMR  or  l/OR  - 


1 


DIN1 
DOUT1 

DlN2 


PIN 
POUT 


Data  To /From 
External  Logic 


External  logic  must  generate 
these  control  signals 


We  see  that  the  only  difference  between  the  8080  and  PACE  usage  of  the  MILE  is  that 
the  polarity  of  the  I/O  control  signals  is  reversed.  Because  the  MILE  provides  both  posi- 
tive- and  negative-true  control  inputs  we  don't  have  to  use  any  inverters  to  obtain  input 
signals  of  the  required  polarity 

For  our  final  example  we'll  show  how  the  MILE  can  be  used  in  a  6800  system.  In 

this  example  all  of  the  control  inputs  to  the  MILE  are  needed. 


External  logic  must  generate 
these  control  signals 


The  MILE  outputs  two  status  signals  that  can  be  used  to  im-  MILE 

plement  very  simple  I/O  handshaking  or  interrupt  schemes.  STATUS 

The  two  signals  (STD  and  STP)  operate  in  exactly  the  same  SIGNALS 

way:  they  are  set  high  by  a  write  operation,  thatis,  when  the 
MILE  data  latch  is  loaded  with  new  data.  The  status  signal  output  remains  high 
until  the  data  is  read  out  of  the  MILE  from  the  opposite  side.  To  illustrate  the  tinning 
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for  the  status  signals,  let  us  once  again  combine  the  seven  MILE  control  signals  into  the 
following  four  signals  DIN,  DOUT,  PIN,  and  POUT  Now  the  timing  for  the  STD  looks 
like  this: 


^ 


-ff- 

-ii- 


^ 


=£ 


The  timing  for  the  STP  is  the  same: 


5 


I 


C 


We've  drawn  these  two  timing  diagrams  so  that  they  differ  slightly  from  each  other  to 
illustrate  a  point,  the  write  and  read  operations  can  overlap  as  we've  shown  for  the  STP 
timing.  Notice  that  the  DOUT  signal  is  shown  occurring  while  P!N  is  stii!  high  You  will 
recall  from  our  earlier  discussion  that  the  MILE  permits  this  since  PIN  and  DOUT  are 
non-conflicting  operations.  Remember  also  that  we  stated  that  in  most  applications  the 
MILE  will  operate  in  only  one  mode  at  a  time  a  closer  look  at.  the  timing  for  STP  lends 
credence  to  that  statement  The  timing  We've  shown  is  not  a  very  realistic  presentation 
of  the  use  of  the  status  signals  since  the  read  operation  (in  this  case  DOUT)  is  shown 
being  initiated  before  the  status  signal  has  been  set  by  the  trailing  edge  of  the  write 
operation  (PIN).  This  implies  that  the  CPU  had  some  method,  other  than  monitoring  the 
status  signal,  of  detecting  when  external  logic  had  data  ready  for  input  to  the  CPU.  Let 
us  now  look  at  some  realistic  ways  in  which  the  MILE  status  signals  can  be  used 

When  the  MILE  is  being  used  as  an  input  port,  we  are  primarily 
concerned  with  the  STP  status  signal  Input  timing  may  be  il- 
lustrated as  follows 


MILE  STATUS 
SIGNALS  USED 
FOR  INPUT  WITH 
HANDSHAKING 


DATA  IN  (PO  -  P7) 
FROM 
EXTERNAL  LOGIC 


DOUT 


DATA  OUT  (DO  -  D7) 
TO  CPU 


Notice  that  the  STP  signal  does  not  go  high  until  external  logic  has  completed  loading 
the  data  into  the  MILE:  the  trailing  edge  of  PIN  causes  STP  to  be  set  high.  Therefore, 
STP  is  a  handshaking  signal  that  can  be  used  to  signal  the  CPU  that  new  data  is  in  the 
input  port  and  ready  to  be  read.  DOUT  identifies  an  instruction  that  selects  the  MILE 
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and  reads  the  contents  of  the  data  latch.  Thus,  while  STP  is  high,  there  is  unprocessed 
data  in  the  MILE  External  logic  must  not  input  new  data  while  STP  is  high,  if  it  does, 
prior  unprocessed  data  wilJ  be  destroyed 

When  using  the  MILE  as  an  output  port,  we  will  concern 
ourselves  primarily  with  the  state  of  the  STD  signal.  The 
timing  is  simply  the  mirror  image  of  the  input  timing  and 
may  be  illustrated  as  follows: 


MILE  STATUS 
SIGNALS  USED 
FOR  OUTPUT  WITH 
HANDSHAKING 


DATA  IN  (DO  -  D7} 
FROM  CPU 


DATA  OUT  (TO  -  P7) 
TO  EXTERNAL  LOGIC 


As  illustrated  above,  when  the  STD  signal  goes  high,  it  indicates  to  external  logic  that 
the  CPU  has  loaded  new  data  into  the  MILE  and  it  is  ready  to  be  read.,  As  long  as  STD  re- 
mains high,  the  CPU  should  not  output. more  data  to  the  MILE  since  it  would  destroy  the 
unprocessed  data  stored  in  the. latch.  When  external  logic  has  read  the  data  out  of  the  . 
MILE,  the  STD  signal  goes  low  This  high-to-low  transition  could  therefore  be  used  as 
an  interrupt  input  to  the  CPU  to  indicate  that  additional  data  can  be  transmitted  to  the 
output  port. 

One  final  note  on  the  MILE  and  its  status  signals.  As  we  have  discussed  earlier,  the  MILE 
logic  prevents  conflicting  operations  such  as  DIN  and  PIN  from  occurring 
simultaneously.  Data  can  only  be  loaded  into  the  MILE  from  one  side  at  a  time  since  the 
device  provides  just  one  data  latch.  If  the  MILE  is  being  used  as  both  an  input  port  and 
an  output  port,  however,  there  is  nothing  within  the  logic  of  the  device  that  would  pre- 
vent a  DIN  operation  from  being  followed  immediately  by  a  PIN  operation.  This,  of 
course,  would  normally  be  an  error  condition  since  the  data  loaded  into  the  MILE  by  the 
CPU  (DIN)  would  have  been  destroyed  by  the  data  from  external  logic  (PIN). 

Typically,  in  a  system  where  the  MILE  is  being  used  as  a  bidirectional  port,  the  GPU  and 
external  logic  would  each  be  monitoring  both  the  STP  and  STD  signals.  The  data  over- 
run condition  we've  just  mentioned  would  then  be  prevented  by  the  system  in- 
put/output protocols  you  have  established  for  the  system,  If  the  overrun  condition 
should  occur,  both  STP  and  STD  would  be  high  simultaneously  and  this  condition 
could  be  used  to  generate  a  system  error  signal. 

USING  OTHER  MICROCOMPUTER  SUPPORT 
DEVICES  WITH  THE  PACE  CPU 

As  we  have  seen,  there  are  only  three  support  devices  (STE,  BTE,  and  MILE)  for 
the  PACE  CPU,  and  two  of  these  devices  {the  STE  and  BTE)  are  so  vital  to  the  im- 
plementation of  a  PACE  system  that  they  might  well  be  considered  an  integral 
part  of  the  CPU  itself.  Indeed,  the  functions  provided  by  these  two  devices,  are 
provided  on  the  CPU  chip  for  some  of  the  microcomputers  described  in  this  book. 


14-50 


But  the  PACE  CPU  has  numerous  control  signals  which  allow  general-purpose 
microcomputer  support  devices  to  be  included  in  a  PACE  system. 

Since  the  MILE  is  the  only  true  general-purpose  device  pro-  MILE 

vided  as  a  PACE  support  device,  we  will  begin  our  discussion  COMPARED 

by  comparing  the  capabilities  of  the  MILE  to  those  of  other  I/O  TO  8080 

P°rts-  FAMILY  I/O 

In  complexity  and  capabilities,  the  MILE  falls  somewhere  bet-  1  PQRTS 
ween  the#212  I/O  port  and  the  8255  Programmable  Periph 

eral  Interface  (PPI)  which  were  described  in  Chapter  4  of  this  book. 

Like  the  8212,  the  MILE  provides  a  Hatched  8-bit  port:  but,  while  an  8212  can  be 
used  only  as  an  input  port  or  an  output  port,  the  MILE  can  operate  bidirectionally. 
So,  it  is  nearly  the 'equivalent  of  two>8212s.  We  say  'nearly'  because  the  MILE  con- 
tains a  single  8-bit  data  latch  which  may  be  loaded  from  either  the  CPU  side  or  the  pe- 
ripheral side,  two  8212s  wired  back-to-back  as  we  described  in  Chapter  4,  would  pro- 
vide two  8  bit  latches'so  that  the  input  port  and  the  output  port  could  be  loaded 
simultaneously  This  apparent  advantage,  however,  might  be  of  little  value  in  most  ap- 
plications; so,  it  is  quite  reasonable  to  equate  the  capabilities  of  a  single  MILE  to  those 
provided  by  two  82 12  devices.  Note,  however,  that  when  all  you  require  is  a  simple  in- 
put port  or  output  port,  the  8212  would  be  the  more  logical  choice  (disregarding  other 
extenuating  factors}  since  the  MILE  would  then  be  providing  more  logic  than  is  re- 
quired. 

The  8255  PPI,  you  will  recall,  can  provide  three  8-bit  ports  that  can  be  utilized  in  a 
variety  of  combinations  or  modes,  and  a  programmable  control  register  that  is 
used  to  select  the  desired  mode.  Obviously  the  8255  provides  more  capabilities 
and  greater  flexibility  than  the  MILE.  However,  if  we  specify  that  the  8255  must 
provide  an  8-bit,  bidirectional  input/output  port,  the  gap  between  the  two  devices 
is  greatly  reduced.  In  Mode  2,  Port  A  of  the  8255  operates  bidirectionally.  Port  B  oper- 
ates either  as  a  simple  input  port  or  output  port,  and  Port  C  provides  handshaking  con- 
trol signals  Since  the  MILE  provides  approximately  equivalent  handshaking  sig- 
nals, the  8255  has  a  net  advantage  of  one  8-bit  input  or  output  port  over  the  MILE. 
Thus,  with  the  restrictions  we've  imposed,  one  8212  and  one  MILE  would  provide 
about  the  same  capabilities  as  a  single  8255. 

Now  that  we've  compared  capabilities,  let  us  see  how  these  and  other  8080 
devices  might  be  used  with  the  PACE  CPU.  First,  we'll  take  an  overview  of  the 
general  CPU-to-device  interface  that  all  the  8080  family  of  devices  expect. 

All  of  the  8080  family  devices  require  that  address  information  (or  enabling/select 
signals  derived  from  the  address  lines)  be  valid  during  the  data  transfer 
(read/write)  portion  of  an  input/output  cycle.  Recall  that  the  PACE  data  lines  are 
multiplexed:  at.  the  beginning  of  an  input/output  cycle,  the  data  lines  are  used  to  out- 
put address  information;  the  address  information  is  then  removed  and  the  data  lines  are 
used  for  the  actual  input  or  output  of  data  during  the  latter  portion  of  the  I/O  cycle 


Thus,  the  first  thing  we  must  do  to  interface  PACE  to  an 
8080  family  device  is  to  demultiplex  the  PACE  ad- 
dress/data lines.  This  must  also  be  done  even  with  the  MILE  ~' 
device  which  was  specifically  designed  to  operate  with  the 
PACE  CPU.  In  fact,  it  will  be  required  with  almost  any  device, 
including  most  memory  devices,  that  are  interfaced  to  PACE.  There  are  several 
different  approaches  that  we  can  use  to  accomplish  the  required  demultiplexing. 


DEMULTIPLEXING 
THE  PACE 
ADDRESS/DATA 
LINES 
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The  most  obvious  way  is  to  use  D-type  flip-flops  or  data  registers  with  the  PACE 
NADS  signal  as  the  clock  pulse.  Here  are  some  of  the  standard  7400  family  devices 
that  might  be  used: 

•  7475  Double  2-Bit  Gated  Latches  with  Q  and  Q  Outputs 

•  7477  Double  2-Bit  Gated  Latches  with  G  Output  Only 

•  74100  Double  4-Bit  Gated  Latches 

•  74166  Dual  4-Bit  Gated  Latches  with  Clear 

•  74174  Hex  D-Type  Flip-Flops  with  Common  Clock  and  Clear 

•  74175  Quad  D-Type  Flip-Flops  with  Common  Clock  and  Clear 

Some  of  these  devices  require  that  the  NADS  signal  be  inverted  to  provide  the  necess- 
ary clocking  signal  Remember,  though,  that  PACE  address  information  is  valid  during 
both  the  leading  edge  (high-to-low  transition)  and  trailing  edge  {low-to-high  transition) 
of  NADS    this  generally  simplifies  the  demultiplexing  operation 

In  many  systems  you  will  not  need  to  latch  all  16  bits  of  address  information  since 
it  would  be  an  unusual  application  that  required  a!!  of  the  64K  of  address  space  that 
this  provides  There  will  usually  be  some  tradeoff  between  system  address  require- 
ments (how  many  system  devices  require  a  latched  Address  Bus)  and  the  type  and 
amount  of  address  decoding  required  When  a  fully  latched  Address  Bus  is  provided, 
then  simpler  nonlatched  address  decoders  can  be  used.  In  fact,  often  address  bits  can 
then  be  used  directly  as  device  select  signals,  or  simple  AND/OR  gate  combinations 
can  perform  the  decoding 

The  alternative  method  of  demultiplexing  the  address/data  lines  is  to  use  address 
decoding  devices  that  are  clocked  by  the  NADS  signal  and  provide  latched  out- 
puts. These  latched  outputs  can  then  be  used  as  the  device/chip  select  signals  during 

I/O  cycles. 

Many  systems  will  use  some  combination  of  a  fully  latched  Address  Bus  and  sim- 
ple or  latched  address  decoders.  In  the  discussions  that  follow,  we  will  not 
generally  describe  in  detail  the  method  used  to  obtain  the  required  addressing  or 
select/enabling  signals,  since  the  method  used  is  so  dependent  on  the  particular 
system  that  you  are  designing. 

Once  the  PACE  address/data  lines  have  been  demultiplex 
ed,  the  only  major  considerations  we  are  left  with  are  to 
ensure  that  the  input/output  control  signals  are  of  the 
proper  polarity,  and  to  verify  that  there  are  no  timing  prob- 
lems. We  will  see  that  generally  the  PACE  I/O  control  signals  must  be  inverted  to  oper- 
ate with  the  8080  family  of  devices,  although  the  8212  offers  us  a  choice  of  using  the 
PACE  IDS  and  ODS  signals  in  either  their  original  or  inverted  form 

Now  we  will  provide  a  few  specific  examples  of  how  devices  from  the  8080 
family  can  be  used  with  the  PACE  CPU.  In  addition  to  assuming  that  required 
select/enabling  signals  are  derived  using  some  combination  of  address  latches  and 
decoders,  we  make  one  other  assumption.  The  PACE  CPU  that  we  will  be  depict- 
ing consists  not  only  of  the  CPU  chip  itself,  but  also  includes  an  STE  and  three 
BTEs  since,  as  we've  described  earlier  in  this  chapter,  these  parts  might  well  be 
considered  an  integral  part  of  the  PACE  CPU.  Finally,  our  discussion  of  these 
devices  will  be  limited  to  conceptual  treatments  of  how  they  might  be  interfaced 
to  the  PACE  CPU.  For  detailed  descriptions  of  the  capabilities  of  these  devices, 
and  how  they  are  interfaced  to  external  logic,  refer  to  Chapter  4  in  this  book. 


PACE  CONTROL 
SIGNAL  POLARITY 
CONSIDERATIONS 
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In  our  first  example  the  8212  I/O  Port  is  used  as  a  simple 
input  port  by  the  PACE  CPU.  The  interconnections  required 
are  shown  in  the  following  figure: 


THE  8212  USED 
AS  A  SIMPLE 
INPUT  PORT  IN 
A  PACE  SYSTEM 


Tie  MD  to  Ground,  Now  STB  clocks 
latches  and  DS1,  DS2  enable  buffers. 


NADS 
(from  PACE) 


Here,  the  PACE  Address  Strobe  signal  (NADS)  is  inverted  and  used  as  the  STB  in- 
put to  the  8212.  Since  MD  is  tied  to  ground,  the  STB  signal  clocks  the  data  into 
the  8212:  this  will  occur  every  time  that  PACE  performs  an  input/output  cycle, 
but  the  latched  data  will  only  be  placed  on  the  System  Bus  when  the  8212  is 
selected.  We  accomplish  device  selection  by  applying  a  negative  true  decoded 
address  signal  to  the  DS1  input  and  then  using  the  PACE  IDS  strobe  signal  as  the 
DS2  input.  Now,  whenever  the  proper  address  is  decoded,  the  IDS  signal  will 
cause  the  data  that  was  previously  latched  by  NADS  to  be  placed  on  the  System 
Bus  for  input  to  PACE.  The  timing  would  look  like  this: 


y. 


Data  Latched 


z 


DS2  (IDS) 


r ~\ 


i 


Latched  data  output 
onto  System  Bus 


1 


1 
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Notice  that  the  data  from  external  logic  will  be  latched  whenever  NADS  occurs.  The  ac- 
tual selection  of  the  8212  and  input  of  the  latched  data  to  PACE  might  not  occur  for 
quite  some  time.  Frequently,  this  arrangement  will  be  completely  acceptable.  If  not, 
then  an  input-with-handshaking  arrangement  which  we  will  describe  next,  might  pro- 
vide a  better  solution 

Before  we  proceed  to  our  next  example,  let  us  make  one  more  general  comment 
about  interfacing  devices  to  the  PACE  CPU. 

PACE  is  a  16-bit  microcomputer:  it  can  transfer  16  bits  of  parallel  data  in  a  single 
input  or  output  cycle.  All  of  the  other  devices  that  we  will  be  discussing  are  8-bit 
devices.  Frequently,  you  may  not  need  the  full  width  of  the  16-bit  Data  Bus  when 
transferring  data  between  the  CPU  and  external  logic.  In  these  cases,  you  can 
simply  connect  the  data  lines  to/from  the  support  device  to  the  less  significant 
data  lines  {DO  -  D7)  of  the  PACE  System  Bus  as  we  have  shown  in  our  first  exam- 
ple. Masking  of  the  unused,  more  significant  data  bits  would  then  be  handled  under 
program  control. 

When  you  are  going  to  utilize  the  full  1 6  bits  of  the  Data  Bus,  you  merely  connect 
two  8-bit  devices  in  parallel.  One  device  would  be  connected  as  we've  already 
described;  the  data  lines  of  the  other  device  would  then  be  connected  to  the  more 
significant  bits  (D8  -  D15)  of  the  System  Bus.  All  other  connections  to  the  two 
devices  {device  select  signals,  strobe  signals,  etc.)  would  be  identical. 

In  this  example,  we  will  use  the  8212  interrupt  request 
signal  INT  to  establish  an  input  port  with  handshaking. 
The  connection  diagram  is  very  similar  to  our  first  ex- 
ample: 


THE  8212  USED  IN 
A  PACE  SYSTEM  FOR 
INPUT  WITH 
HANDSHAKING 


IDS 
(from  PACE) 


To  PACE 

Interrupt  or 

Jump  Condition 

input  Pin 


External  logic  strobes 
data  into  latches 


Tie  MD  to  Ground.  Now  STB  clocks 
latches  and  DS1,  DS2  enable  buffers 


Here,  the  device  select  signals  are  the  same  as  in  our  first  example.  However,  in- 
stead of  using  the  PACE  NADS  signal  to  clock  data  into  the  latches,  we  will  re- 
quire external  logic  to  input  the  STB  signal  when  it  has  data  ready.  When  the  data 
has  been  latched,  the  8212  will  output  the  INT  signal  which  would  be  used  as  the 
input  to  one  of  the  PACE  CPU  interrupt  request  lines  {NIR2  -  NIR5)  or  Jump  Condi- 
tion inputs  (JC13-  JC15).  The  CPU  would  then  execute  a  service  routine  program 
that  would  include  an  instruction  to  read  the  data  from  the  input  port  This  instruction 
would  send  out  the  input  port's  address,  thus  generating  the  DS1  signal,  and  then  gate 
the  latched  data  onto  the  System  Bus  when  the  IDS  signal  is  generated.  When  the 


14-54 


latched  data  is  read  out  of  the  8212,  the  INT  signal  returns  high  to  complete  the  tran- 
saction. This  sequence  is  summarized  by  the  following  timing  diagram: 


DS2  (IDS) 


Interrupt  request  or 
Jump  condition  input 
to  PACE  CPU 


Latched  data  gated  ' 
onto  System  Bus 


Using  the  8212  as  an  output  port  in  a  PACE  system  requires  a 
simple  reversal  of  the  connections  we  have  described  in  the 
two  preceding  examples,  and  we  will  now  use  the  ODS  (Out- 
put Data  Strobe)  signal  from  PACE  instead  of  the  IDS  signal. 


THE  8212  USED 
AS  AN  OUTPUT 
PORT  IN  A 
PACE  SYSTEM 


Data  to  external 
logic 


Select  signals  generated 
by  external  logic 


7b  external  logic 


When  the  output  port's  address  is  sent  out  and  decoded  from  the  Address  Bus,  one  in- 
put to  the  AND  gate  is  enabled.  The  ODS  signal  then  goes  high  to  generate  the  STB  sig- 
nal and  latch  the  contents  of  the  system  Data  Bus  into  the  82 1 2.  This  will  cause  the  INT 
signal  to  go  low  and  inform  external  logic  that  data  has  been  loaded  into  the  output 
port.  The  external  logic  would  then  generate  the  DS1  and  DS2  signals  to  gate  the  data 
out  of  the  latches.  When  the  data  has  been  gated  out,  the  INT  signal  will  return  high. 
This  low-to-high  transition  could  be  used  as  an  interrupt  request  or  jump  condition  in- 
put to  PACE  to  enable  output  of  new  data.  Notice  that  if  we  continuously  enable  the 
8212  outputs  by  tying  DS1  to  ground  and  DS2  to  +5V,  then  whenever  PACE  loads 
a  new  data  word  into  the  latch,  it  would  be  immediately  output  to  external  logic. 
This  approach  may  be  more  advantageous  in  some  applications. 
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Although  the  8255  Programmable  Peripheral  Interface  (PPI)  is  8255  PPI 

a  more  complicated  device  than  the  8212,  interfacing  the  DEVICES  USED 

8255  to  a  PACE  CPU  is  no  more  complicated  (from  a  hardware  IN  A  PACE 

point  of  view)  than  the  PACE-to-8212  interfaces  we've  de-  SYSTEM 

scribed.  This  is  due  to  the  programmability  of  the  8255;  mode 

control  is  performed  by  your  program  instead  of  by  hardwired  signals.  Let  us  look 

at  an  example  to  illustrate  this  point: 


Decoded  Select 

signal  derived 

from  Address  Bus 


^O 


The  CS  signal  selects  the  8255  and  this  signal  would  typically  be  the  output  of  an 
address  decoder.  The  AO  and  A1  inputs  select  one  of  the  three  I/O  ports  (A,  B  or  C) 
or  the  8255  Control  registers.  The  RD  and  WR  control  signals  are  obtained  by 
simply  inverting  the  IDS  and  ODS  signals  from  PACE.  A  generalized  timing 
diagram  for  input/output  operations  would  look  like  this: 


jf  Sele 


Select  Device  and  Port  Select 


^ 


IDS  (ODS) 


RD  (WR) 


5 


Data  transferred 


^ 


If  you  refer  back  to  the  detailed  description  of  the  8255  in  Chapter  4,  you  will  see  that 
Port  C  can  be  used  to  provide  handshaking  signals  for  I/O  control  Since  these  signals 
are  fully  described  in  Chapter  4,  we  will  not  discuss  the  various  possibilities  here, 
Generally,  these  signals  would_be_used  with  the  PACE  CPU  in  the  same  ways  that  we 
earlier  described  for  the  8212  INT  signal 
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If  two  8255s  are  used  in  parallel  to  provide  16-bit  I/O  ports, 
there  is  one  special  consideration  beyond  the  general  rules 
that  we  discussed  earlier.  Recall  that  mode  control  of  the 
8255  is  accomplished  by  writing  data  into  one  8-bit  Control 
register  within  the  device.  When  wired  in  parallel,  one  8255 
would  be  connected  to  bits  0  -  7  of  the  system  Data  Bus,  and 
the  other  8255  would  be  connected  to  bits  8-15.  Therefore,  when  we  send  out  a 
16-bit  control  word  from  the  PACE  CPU  to  establish  the  desired  mode  of  opera- 
tion, the  upper  and  lower  bytes  of  the  word  must  be  identical. 


TWO  8255 
DEVICES  USED 
FOR  16-BIT 
I/O  PORTS 
WITH  PACE 


THE  8251 
USART  AND  8253 
PROGRAMMABLE 
COUNTER/TIMER 
USED  IN  PACE 
SYSTEMS 


PACE  AND 
8080  SYSTEM 
BUSSES 
COMPARED 


From  a  hardware  point  of  view,  interfacing  either  of  these 

devices  to  a  PACE  CPU  is  no  different  than  interfacing  an 

8255  PPI  to  PACE.  All  we  need  to  do  is  invert  the  IDS  and 

OPS  signals  from  the  CPU  to  obtain  RD  and  WR  (or  IOR  and 

IOW)  signals,  and  provide  chip  select  and  latched  address 

bits  for  input  to  the  devices.  All  other  interfacing  and  usage 

considerations  are  software  functions  and  are  described  in 

Chapter  4.  We  will  not  describe  them  here  since  those  portions  of  the  device 

descriptions  apply  regardless  of  the  CPU  being  used. 

We  will  conclude  our  discussion  of  the  use  of  8080  devices  in 
PACE  systems  by  comparing  PACE  System  Bus  signals  with 
those  of  8080  systems.  This  comparison  will  be  a  useful  guide 
for  interfacing  any  8080  device  to  a  PACE  system.  Table  14-6 
is  a  summary  of  PACE  System  Bus  signals  and  the  correspond- 
ing signals  available  in  8080  systems.  Two  separate  columns  are  provided  for  8080 
signals:  the  first  applies  strictly  to  the  8080  CPU;  the  right-hand  column  refers  to  the 
signals  present  in  a  typical  three-chip  8080  system  consisting  of  the  CPU.  an  8228 
System  Controller,  and  an  8224  Clock  Generator  and  Driver, 

Since  we  have  already  discussed  these  signals  in  preceding  paragraphs  we  won't  per- 
form an  item-by-item  analysis  of  the  table.  Nonetheless,  there  are  a  few  signals  in  this 
table  that  do  need  additional  explanation. 

We  have  included  the  PACE  BPS  signal  in  the  I/O  Control  Signal  group  although  it  is 
not  the  type  of  signal  you  would  normally  classify  within  this  group.  However  you  will 
recall  that  when  the  BPS  input  is  high,  PACE  operates  in  a  Base-Page-Split 
mode:  base  page  then  consists  of  the  top  128  words  of  memory  and  the  bottom  128 
words  of  memory.  In  our  earlier  discussion  of  the  BPS  signal,  we  described  how  this 
mode  can  be  used  to  simplify  addressing  of  I/O  devices.  If  you  refer  back  to  that  dis- 
cussion, you  will  see  that  by  doing  a  little  address  decoding  we  can  come  up  with  a 
signal  that  will  tell  us  when  PACE  is  addressing  an  I/O  device  (as  opposed  to  memo- 
ry) Let  us  call  this  decoded  signal  '1/0  Device'  (I/0D)  Now,  we  can  combine  this 
decoded  signal  with  IDS  and  ODS  as  shown  below  to  generate  signals  equivalent 
to  the  8080  l/OR  and  l/OW  signals. 


I/OD- 


■l/OR 


■i/ow 
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And  if  we  invert  the  l/OD  signal  we  can  generate  the  8080  MEMR  and  MEMW 
signals. 


f> 


3> 


!=o 


One  other  portion  of  Table  14-6  requires  some  explanation.  Notice  that  we  have  not 
drawn  a  line  to  separate  the  I/O  control  signals  from  the  DMA-Related  Signals. 
We've  done  this  intentionally  because  there  is  some  overlapping  of  functions  with 
some  of  these  signals.  For  example,  the  PACE  EXTEND  signal  can  be  used  either  to  ex- 
tend I/O  cycles  or  to  suspend  I/O  to  allow  DMA  operations.  We've  also  compared  the 
PACE  NHALT  output  signal  to  the  8080  WAIT  signal.  This  comparison  is  valid  if  limited 
to  the  CPU  Halt  state  initiated  in  either  system  by  a  Halt  instruction.  However,  in  8080 
systems  the  WAIT  signal  is  also  an  acknowledgement  to  the  READY  or  RDYIN  input  sig- 
nals There  is  no  comparable  EXTEND  acknowledgement  signal  in  PACE  systems 


The  6800  family  includes  many  devices  that  might  be  useful  in       6800  SUPPORT 
PACE  systems  Unfortunately,  all  of  these  devices  have  one  com-       DEVICES  NOT 
mon  requirement  which  effectively  makes  them  incompatible  for       COMPATIBLE 
use  in  a  PACE  system.  That  requirement  is  the  enabling  input  sig-       WITH  PACE 
nal  E  which,  as  we  mentioned  in  Chapter  8,  should  more  ac- 
curately be  described  as  a  synchronizing  signal  In  6800  systems,  E  is  usually  generated 
by  ANDing  one  of  the  primary  system  clock  signals  (<J>2)  with  the  Valid  Memory  Ad- 
dress signal  (VMA)  from  the  6800  CPU.  The  clock  period  of  the  resulting  E  signal  can  be 
no  less  than  one  microsecond.  The  clock  signals  (CLK  and  NCLK)  used  in  PACE  systems, 
however,  cannot  have  a  clock  period  greater  than  850  nanoseconds  and  therefore  can- 
not be  used  to  simulate  the  6800  <i>2  signal  Therefore,  we  cannot  recommend  using 
6800  family  devices  in  a  PACE  system 
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Table  14-6.  Comparing  PACE  System  Busses  To  8080  System  Busses 


SYSTEM  BUS 


Bidirectional 
Data  Bus 


Address  Bus 


Control  Bus 


I/O 

Control 

Signals 


DMA- 
Related 
Signals 


Interrupt 
Signals' 


Initialize 


Jump  Condition 
Inputs 

Control  Flag 
Outputs 


PACE  SYSTEM 

(CPU.  STE,  BTE) 

SIGNALS 


D00-D15 

(16  Bits) 


D00-D15 

Address  information 
must  be  demultiplexed 
from  Data  Bus 


NADS 

Strobe  signal  used 
by  external  logic 
to  demultiplex 
address  from 
Data  Bus 


8080 

CPU 

SIGNALS 


D0-D7 

(8  Bits) 


A0-  A15 


IDS 


ODS 


BPS 


EXTEND 


NHALT  (output) 


NHALT  and 
CONTIN  inputs 


CONTIN 

(ACK  INT  output) 


DBiN 


WR 


READY 


WAIT 


HOLD 


HLDA 


NIR2^NIR5 


CONTIN 

(ACK  INT  output) 


Non-maskable 
Interrupt 
(CONTIN  and 
NHALT  inputs) 


NINIT 


JC13- JC15 


F11  -F14 


INT 


DO  and  SYNC 


INTE 


RESET 


8080  SYSTEM 

(CPU,  8228,  8224) 

SIGNALS 


DB0-  DB7 
(8  Bits) 


AO  -  A 1 5 


MEMR  and  l/OR 


MEMW  and  l/OW 


RDYIN 


WAIT 


HOLD 


HLDA 


BUSEN 


INT 


INTA 
INTE 


RESIN 
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absolute  maximum  ratings 

Ali  Input  or  Output  Voltages  with                +0.3V  to  -21.5V           Storage  Temperature  Range 

-65°Cto+150°C 

Respect  to  Most  Positive  Supply 

Lead  Temperature  (Soldering 

10 

300  C 

Voltage  (VBB) 

seconds) 

Operating  Temperature  Range                            0  C  to  +70" C 

electrical  characteristics  (ta  =  o°c  to  +70°c,  vss  =  +sv  ±5%,  vGG 

=  -12V±5%,  VBB  -  VSc 

+  3V  ±0.5V) 

PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

OUTPUT  SPECIFICATIONS 

D00-D15,  F11-F14,  ODS,  IDS,  NADS  (These  are 

open  drain  outputs  which  may  be  used  to  drive 

DS3608  sense  amplifiers,  or  may  be  used  with  pull- 

down resistors  to  provide  a  voltage  output.) 

Logic  "1"  Output  Current  (Except  F11-F14) 

VouT  =  2,4V 

-1.0 

-5,0 

mA 

Logic  "1"  Output  Current,  F11-F14  (Note  7) 

VOUT  =  2.4V 

-0.7 

-5.0 

mA 

Logic  "0"  Output  Current 

VGG  <  VoUT  <  Vss 

±10 

MA 

NHALT,  CONTIN  (Low  Power  TTL  Output.) 

Logic  "1"  Output  Voltage 

lOUT  =  -650juA 

2.4 

V 

Logic  "0"  Output  Voltage 

|QUT=  300juA 

0.4 

V 

INPUT  SPECIFICATIONS 

D00-D15,  NIR2-NIR5,  EXTEND,  JC13-JC15, 

CONTIN,  NINIT,  NHALT  (These  are  TTL 

compatible  inputs.)  (Note  2) 

Logic  "1"  Input  Voltage 

VSS"1 

Vss+0.3 

V 

Logic  "0"  Input  Voltage 

VSS"7 

VsS"4 

V 

Pullup  Transistor  "ON"  Resistance 

V|N  =  Vss-1V 

7 

kft 

(D00-D15)  (Note  3) 

Pullup  Transistor  "ON"  Resistance 

vlN  =  vSs-1v 

5 

kO 

(ali  others) 

Logic  "0"  Input  Current  (D00-D15) 

Vin-0.4 

-1.8 

mA 

Logic  "0"  Input  Current  (NHALT,  CONTIN) 

V|N  =  0.4 

-12 

mA 

Logic  "0"  Input  Current  (ali  others) 

V|N  =  0-4 

-3.6 

mA 

Capacitance,  Input  and  Output  (except  clocks) 

V|N  =  Vss,  *T  "  500  kHz 

20 

pF 

BPS  (This  is  a  MOS  Level  Input. )  (Note  4) 

Logic  "1"  Input  Voltage 

vss~1 

VSS+0.3 

V 

Logic  "0"  Input  Voltage 

VGG 

vss-7 

V 

Logic  "1"  Input  Current 

V|N  =  Vss-1V 

100 

,*A 

CLK,  NCLK  (These  are  MOS  Clock  Inputs) 

Clock  "1"  Voltage   (Note  5) 

vss-1 

VSs*03 

V 

Clock  "0"  Voltage 

VGG 

VGG+1 

V 

Input  Capacitance  (Note  6) 

30 

150 

PF 

Bias  Supply  Current 

VBB  =  VSS  +3.0V 

100 

MA 

VGG  Supply  Current 

tp  =  65jus,  Ta  =  25°C 

40 

mA 

Vss  Supply  Current 

tp  =  ,65jLts,  Ta  =  25° C 

85 

mA 
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TIMING  SPECIFICATIONS   (See  Figures  5  to  10  for  additional  timing  information ) 

CLK,  NCLK  (See  Figure  5)  (Referenced  to 

10%  and  90%  Amplitude) 

Rise  and  Fall  Time  (tr,  tf} 

10 
300 

Clock  Width  (tw  CLK,tW  NCLK) 

ns 

Clock  Non-Overlap  (t|\J0VA,  *NOVB) 

5 

Clock  Period  <tp} 

,65 

EXTEND 

jus 

Individual  Extend  Duration 

2 

Extend  Setup  Time  (tES>  'Note  10) 

US 

Extend  Hold  Time  (tEH)  (Note  13) 

20 

Propagation  Delay  (tDD) 

NHALT,  CONTIN  (Note  9} 

CL  =  20pF 

200 

100 

NADS,  IDS,  ODS,  D00-D15  (Note  8) 
D00-D15 

V0UT  =  2.4V 

ns 

Input  Setup  Time  (tps)  {Note  1 1 ) 

200 

Hold  Time  (tpH)  (Note  12) 

0 

Turn-on  or  Turn-off  Time  of  Pullup 

150 

ns 

Transistor  (tpc)  (Note  13) 

F11-F14  Pulse  Flag(PFLG)  Pulse  Width 

4tp  -300 
8 
1 

4tp  +300 

NINIT  Initialization  Pulse  Width 

ns 

NIR2-NIR5  Input  Pulse  Width  to  Set  Latch               [ 

clock  periods 
clock  periods 

N°i\  1=    Muaxjmum;atinf  indic^  "mils  beyond  which  permanent  damage  may  occur   Continuous  operation  at  these  limits  is  not  intend 

and  should  be  limited  to  those  conditions  specified  under  dc  electrical  characteristics 

Note    2:    Pullup  transistor  provided  on  chip  {See  Figure  4) 

Note    3:   Pullup  transistors  on  JC13,  JC14,  JC15  are  turned  on  one  out  of  8  clock  intervals.  Pullup  transistors  on  D0O^D15  are  turned  a 

during  last  clock  period  of  Input  Data  Strobe  (IDS).  Other  pullup  transistors  are  on  continuously  when  in  data  input  mode 

Note    4:    Pulldown  transistor  provided  on  chip 

Note    5:   Clamp  diodes  and  series  damping  resistors  may  be  required  to  prevent  clock  overshoot 

Note    6:   Capacitance  is  not  constant  and  varies  with  clock  voltage  and  internal  state  of  processor 

Note    7:    For  V§s  >  VouT  >  2  0V  output  current  is  a  linear  function  of  V0UT 

Note    8;    Delay  measured  from  valid  logic  level  on  clock  edge  initiating  change  to  valid  current  output  level 

Note    9;    Delay  measured  from  valid  logic  level  on  clock  edge  initiating  change  to  valid  voltage  output  level 

Note  10:   With  respect  to  rising  edge  of  NCLK    (See  Figure  9  and  10) 

Note  11:   With  respect  to  falling  edge  of  CLK,  (See  Figure  7.) 

Note  12:   With  respect  to  the  valid  "0"  level  on  the  falling  edge  of  Input  Data  Strobe  (IDS!    (See  Figure  7  ) 

Note  13:   With  respect  to  valid  logic  level  of  appropriate  clock. 
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h«twCLK*»|-^    |^_tNQVA         _^i 

v_y 


lNOVB 


UNCLK 


^ 


where: 

tp  =  CLOCK  PERIOD 

TNOVA  =  tNOVB  =  CLOCK  NONOVERLAP 

rWCLK  =  %NCLK  =  CLOCK  WIDTH 


FIGURES.    External  Clock  Timing 
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FIGURE  8.   Data  Output  Timing 
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FIGURE  9.   Extend  I/O  Signal  Timing 


FIGURE  10.  Suspend  I/O  Signal  Timing 


14-65 


absolute  maximum  ratings  [  1 1 

Supply  Voltage  (Vcc) 7.0  V 

<VGG) -15.0  V 

Input  Voltage 5.5  V 

Storage  Temperature -65°  C  to  +150°C 

Lead  Temperature  (soldering,  10  seconds} 300  C 


operating  conditions 

Supply  Voltage  (Vcc) 
(Vgg) 
Temperature 


Min. 
4.75 
-11.40 
0 


Max.  Units 

5.25  V 

-12.6  V 

+70  °C 


dc  electrical  characteristics  (Notes  2  and  3} 


Typ. 


OUTPUT  SPECIFICATIONS: 


T  CLK,  T  CLK*  (TTL  Clocks} 

Vcc  =  4.75  V 

l0H  =  -1  mA 

3.65 

4.25 

Voh   Logic  "1 "  Output  Voltage 

V 

Vol    Logic. "0"  Output  Voltage 

Vcc  =  4.75  V 

l0L  =  32mA 

0.25 

0.4 

V 

Iqs     Output  Short  Circuit  Current 

(Note4),Vcc  = 

S.25V,V0  =  0 

-10 

-33 

-55 

mA 

CK,  NCK,  CLK,  NCLK 

iOH  =  -100juA 

Vcc  -  0.9 

4.5 

Voh  Logic  "1"  Output  Voltage 

V 

Vql   Logic  "0"  Output  Voltage 

VCC  =  4.75  V 
VGG  =  -1T4V 

Iql^  100juA 

VGG  +  0.1 

VGG  +  0.25 

V 

|0l=  5  mA    - 

VGG  +  0.2 

VGG  +  0.5 

V 

INPUT  SPECIFICATIONS: 


EXTC 

2.0 

V|H     Logic  "V  Input  Voltage 

V 

IjH      Logic  "1"  Input  Current 

VCC  =  5.25  V 

V,N-2.4V 

40 

ma 

VtN  =  5.5V 

1.0 

mA 

VfL     Logic  "0"  Input  Voltage 

0.8 

V 

llL      Logic  "0"  Input  Current 

VCC  =  5.25  V 

V,L  =  0.4V 

-0,9 

-1.6 

mA 

Vclamp    Input  Clamp  Diode 

VCC  =  4.75  V 

l,L  =  -12mA 

-0.8 

-1.5 

V 

POWER  SUPPLY  CURRENT 

VCC  =  5.25  V 

20 

30 

Ice     Supply  Current  from  Vcc 

mA 

lGG    Supply  Current  from  VGG 

VGG=-  12.6  V 

-40 

-55 

mA 

ac  electrical  Characteristics  Crystal  Frequency  at  2.6667  MHz      i  A  =  0°C  to  +70°C,  VCc  -  VGQ  =  +1 7  V  ±  5% 

Symbol 

Parameter 

Limits 

Units 

Test 

Min. 

Typ. 

Max. 

Conditions 

tNOW  *NOV2 

Non-Overlap  Time 

5 

12 

ns 

See  Note  5 

tpw 

MOS  Clocks  Pulse  Width  (NCLK,  CLK,  NCK,  CK) 

300 

320 

ns 

See  Note  5 

tR 

MOS  Clocks  Rise  Time  (NCLK,  CLK,  NCK,  CK) 

40 

ns 

See  Note  5 

tF 

MOS  Clocks  Fall  Time  (NCLK,  CLK,  NCK,  CK) 

40 

ns 

See  Note  5 

tpHv  tpH2 

TTL  Clocks  to  MOS  Clocks  High  Level  Delay 

-40 

40 

ns 

See  Note  5 

tpLv  tPL2 

TTL  Clocks  to  MOS  Clocks  Low  Level  Delay 

80 

ns 

See  Note  5 

tTDl'tTD2 

TTL  Clock  to  TTL  Clock  Delay 

-25 

25 

ns 

See  Note  5 

tsTART 

Time  Delay  from  Last  Power  Applied  to  MOS  Clocks  Stabilized 

100 

ms 

See  Figure  7 

Notes: 

1.  "Absolute  Maximum  Ratings"  are  those  values  beyond  which  the  safety  of  the  device  cannot  be  guaranteed.  They  are  not  meant  to  imply 
that  the  devices  should  be  operated  at  these  limits  The  table  of  "Electrical  Characteristics"  provides  conditions  for  actual  device  operation. 

2  Unless  otherwise  specified,  min/max  limits  apply  across  the  0°C  to  +70°  C  temperature  range  and  VCc  =  4-75  v  to  5  25  v-  VGG  =  _1 1  4  v 
to  -12.6  V  power  supply  range.  Air  typicals  are  given  for  Vcc  =  5  0  V,  VGG  =  -12V,andTA  =  +25°C. 

3.  All  currents  into  device  pins  are  shown  as  positive;  currents  out  of  device  pins  are  shown  as  negative.  All  voltages  are  references  to  ground 
unless  otherwise  noted. 

4 ,  Only  one  output  at  a  time  should  be  shorted. 

5  The  test  conditions  for  measuring  AC  parameters  are  shown  in  Figures  2  and  3,  with  Ci  =  C2  =  60  pF,  C3  =  80  pF,  C^ov  =  60  pF.  Load 
conditions  for  MOS  clocks  and  TTL  clocks  are  shown  in  Figures  4  and  5  Including  probe  and  jig  capacitance,  C^  =  20  to  80pF,  and 
Cl2  =  40pF 
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timing  diagram 
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Figure  2. 
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test  conditions 


Ci  =  C2  =  60pF,C3=80pF.CNOVs60pF* 
•ALL  CAPACITORS  ARE  ±5% 


Figure  3. 

typical  characteristics 
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Figure  4.  Figure  5. 
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absolute  maximum  ratings  (NoteU 

Supply  Voltage  7V 

Input  Voltage  (All  Inputs  Except  MBI/O  Input  Active)         5.5V 
Output  Voltage  5  5V 

MOS  Bus  Input  Current  ±10  mA 

Storage  Temperature  -65°C  to  +1 50°C 

Lead  Temperature  (Soldering,  10  seconds)  300°C 

dc  electrical  characteristics  {Notes  2  and  3) 


recommended  operating  conditions 

MIIM  MAX          UNITS 

Supply  Voltage  (Vcc)                           4  75  5,25  -             V 

Temperature  (TA)                                  0  +70                 °C 


PARAMETER 


TTL  BUS  PORT  (BDf/O  00-07) 


V|H 


Logical  "1"  Input  Voltage 


Logical  "0"  Input  Voltage 


Logical  "1"  Output  Voltage 


Logical  "0"  Output  Voltage 


Output  Short  Circuit  Current 


l|H 


Logical  "1"  Input  Current 


Input  Current  at  Maximum 
input  Voltage 


Logical  "0"  Input  Current 


VCLAMP        Input  Clamp  Voltage 


Output/Input  Bus  Disable  Curr 


WBD*  =  0.8V, 
MBI/O  *  0.5  mA 


WBD*  =  0  8V, 
MBI/O  =  100^A 


Iql  =  50  mA 


WBD"  =  0..8V.  MBI/O  =  0.5  mA, 
VQUT  -  0V,  VCC  =  5.25 V.  (Note  4) 


WBD*  =  2V,V|H  =  2.4V 


WBD*  =  2V,V|H  =  5.5V. 
VCC  a  5.25V 


WBD*  =  2V,  V|L  =  0  4V 


=  2V,  l|rg=-12mA 


WBD*  =  STR*  =  2V,  BDI/O  =  0.4V 
to  4V,  Vcc  =  5.25V 


MOS  BUS  PORT  <MBf/0  00-07) 


VCC~0B 


Logical  "0"  Input  Current 


Logical  "1"  Input  Current 


Logical  "0"  Input  Voltage 


Logical  "1"  Input  Voltage 


Logical  "1"  Output  Voltage 


VOL 


Logical  "0"  Output  Voltage 


Output  Short  Circuit  Current 


VCLAMP       lnPut  Clamp  Voltage 


Output/Input  Bus  Disable  Current 


WBD"  =  0.8V.  lOL(TTL)  =  50  mA, 
VOL  <  0  5V,  (Note  5) 


WBD*  =  0  8V,  lOH(TTL)  =  -1  mA, 
VqH  >  Vcc  -  1.1  V,  (Notes  5  and  6) 


WBD*  =  0.8V,  lOL(TTL)  =  50  mA, 

vql  <  o.5v 


WBD"  =  0.8V.  Ioh(TTU  = 
V"OH>  Vcc -1.1V 


WBD*  =  CE1  =  BDI/O  =  2V, 
'OhMMOS)^™!  mA,  CE2*  = 
STR*  =0.8V 


WBD*=CE1=2V,loL(MOS)  = 
5  mA,  CE2*  =  STR "  =  BDI/O  =  0.8V 


WBD*  =  CE1  =  BDI/O  =  2V, 
VCC  =  5.25V,  V0UT  *  0V, 

CE2"  =0  8V,  (Note  4) 


STR*  = 


I IIM  =-12mA 


CONTROL  INPUTS  (WBD*,  CE1.  CE2*,  STR*) 


MBi/O  =  0.4V  to  4V,  Vcc  =  5.25V 


Logical  "1"  Input  Voltage 


Logical  "0"  Input  Voltage 


Logical  "1"  Input  Current 
Input  Current  at  Maximum 
Input  Voltage 


V|N  =  5.5V 
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dc   electrical   Characteristics    {Continued)    (Notes  2  and  3) 

PARAMETER                             |                        CONDITIONS                        |      MIN       |       TYP      |      MAX      |       UNITS 

CONTROL  INPUTS  (WBD*,  CE1,  CE2\  STR*)    (continued) 

l|L                  Logical  "0"  Input  Current 

V(N  =  0..4V 

-250 

-400 

HA 

VCLAMP       Input  Clamp  Voltage 

l|N  =-12  mA 

-0,85 

-1.5 

V 

POWER  SUPPLY  CURRENT 

ICC                 Power  Supply  Current                   |       Vqc  =  5  25V                                           |                    |        70         |        110       |           mA 

Note  1:   "Absolute  Maximum  Ratings"  are  those  values  beyond  which  the  safety  of  the  device  cannot  be  guaranteed.  They  are  not  meant  to 
imply  that  the  devices  should  be  operated  at  these  limits.  The  table  of  "Electrical  Characteristics"  provides  conditions  for  actual  device  operation. 
Note  2:    Unless  otherwise  specified,  min/max  limits  apply  across  the  0°C  to  +70°  C  temperature  range  and  the  4.75V  to  5,25V  power  supply  range. 
All  tvpicals  are  given  for  V^c  =  5V  and  Ta  =  25°C. 
Note  3:    All  currents  into  device  pins  are  shown  as  positive,  out  of  device  pins  are  negative.  All  voltages  are  referenced  to  ground  unless  otherwise 

Note  4:   Only  one  output  at  a  time  should  be  shorted. 

Note  5:    The  MBI/O  Input  Characteristic  Graph  illustrates  this  parameter  and  defines  the  regions  of  guaranteed  logical  "0"  and  logical  "1"  out- 
puts. See  equivalent  input  structure  for  clarification.  When  the  MBI/O  input  is  loaded  with  a  high  impedance  source  (open|,  the  TTL  output  will 
be  in  the  logic  "0"  state, 

Note  6:   The  maximum  MOS  bus  positive  input  current  specification  is  intended  to  define  the  upper  limit  on  guaranteed  input  clamp  operation. 
At  higher  input  currents  (up  to  the  absolute  maximum  rating)  clamp  operation  is  not  guaranteed  but  TTL  bus  logic  state  is  valid  and  no  device 
damage  will  occur. 

Note  7:    In  most  applications  the  MOS  bus  data  lines  are  higher  impedance  and  more  sensitive  to  noise  coupling  than  TTL  bus  lines.  Conservative 
design  practice  would  dictate  routing  MOS  bus  lines  away  from  high  speed,  low  impedance  TTL  lines  and  MOS  clock  lines  or  providing  a  ground 
shield  when  they  are  adjacent 

ac  electrical  characteristics  Vcc  =  5V  ±5%,  ta  =  o°c  to  +70°c 

PARAMETER                              |                      CONDITIONS                         |       MIN       |       TYP      |      MAX      |       UNITS 

DATA  TRANSFER  SPECIFICATIONS 

Receiving  Mode  (BDi/O  Bus  to  MBI/O  Bus) 

WBD'  =  3V,  Cl=  15  pF, 
RL  =  1  kn,  (Figures  4  and  61 

tpdO 

17 

40 

ns 

tpdl 

20 

40 

ns 

Driving  Mode  (MBI/O  Bus  to 
BDI/O  Bus) 

WBD*  =  CE1  =0V, 
STR*  =  CE2*  =  3V, 
Ci_  =  50pF,  Rl=  100  il, 
(Figures  3  and  5) 

tpdO 

40 

60 

ns 

tpdl 

40 

60 

ns 

TRANSCEIVER  MODE  SPECIFICATIONS 

Select  Bus 

tDS                 Chip  Enable  Data  Set-Up 

(Figure  1} 

45 

23 

ns 

tDH                Chip  Enable  Data  Hold 

(Figure  1} 

0 

ns 

tgs                 Set-Up 

(Figure  1} 

0 

ns 

TTL  Data  Bus  (BDI/O  00-07) 

lBD  OD          Bljs  Data  Output  Disable 

Cl  =  5  pF,  Rl  =  100  9.,  (Figure  1) 

5 

20 

50 

ns 

tBD  OE          Bus  Data  Output  Enable 

CL  =  50  pF,  RL  =  100  Q,  (Figure  1) 

25 

80 

ns 

tBD  IE            Bus  Data  Input  Enable 

(Figure  1) 

30 

ns 

tBD  ID           Bus  Data  Input  Disable 

(Figure  1} 

30 

ns 

MOS  Data  Bus  (MBI/O  00-07) 

'MB  OD          MOS  Bus  Output  Disable 

CL  =  15  pF,  RL  =  1  kli,  (Figure  1} 

15 

50 

100 

ns 

lMB  OE          MOS  Bus  Output  Enable 

Cl  =  15  pF,  R[_  =  1  k£2,  (Figure  1} 

50 

100 

ns 

'MB  ID           MOS  Bus  Input  Disable 

(Figure  1) 

55 

ns 

*MB  IE           MOS  Bus  Input  Enable 

(Figure  1) 

20 

ns 

Select  Bus 

tCLR              Clear  Previous  Chip  Enable            |     (Figure  2)                                                  |                    j        25         |       50          |         ns 
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switching  time  waveforms  and  ac  test  circuits 
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FIGURE  3,  BDI/OBus 
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This  input  network  simulates  the  actual  drive  characteristic  of  the  PACE  outputs 
FIGURE  5,  MBI/O  to  BDI/O  ac  Loads 


FIGURE  4,  MBI/O  Bus 


FIGURE  6.  BDI/O  to  MBI/O  ac  Loads 
Note  1:    Freq  =  1  MHz,  duty  cycle  =  50%,  tR  =  tp  <  10  ns  (refer  to  Figures  5  and  67 
Note  2:    Ait  capacitance  values  include  probe  and  jig  capacitance  {refer  to  Figures  5  and  6) 
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Chapter  15 

THE  GENERAL  INSTRUMENTS 

CP16O0 

Until  the  advent  of  the  single  chip  MicroNova  central  processing  unit  (described  in 
Chapter  17)  the  General  Instruments  CP1600  represented  the  most  minicom- 
puter-like of  the  16-bit  microcomputers. 

The  CP1600  has  a  very  powerful  instruction  set  that  will  surely  please  anyone  planning  to  do  a  lot 
of  programming;  it  also  has  excellent  execution  speeds.  Instructions  which  are  comparable  to  the 
National  Semiconductor  PACE  have  execution  speeds  that  range  from  1.6  to  4.8  microseconds. 
Unless  your  application  has  to  make  heavy  use  of  indirect  addressing,  a  feature  which  PACE  has 
and  that  CP1600  does  not  have,  the  CP1600  is  likely  to  execute  programs  more  than  twice  as  fast 
as  PACE. 
Philosophically,  PACE  and  CP1600  are  very  similar. 

The  most  important  difference  between  PACE  and  the  CP 1 600  is  that  PACE  designers  have  been 
influenced  by  the  Data  General  Nova  architecture.  CP1600  architects  have  been  more  influenced 
by  the  Digital  Equipment  Corporation  PDP-11:  this  product  is  offered  currently  as  the  LSI  11. 
however  it  is  not  described  in  this  book,  since  at  the  present  time  there  is  no  single  chip  LSI  1 1 
CPU. 

Another  important  single  difference  is  the  fact  that  CP1600  signals  are  TTL  compatible;  therefore 
bus  driver  devices  that  convert  signals  from  MOS  to  TTL  levels  are  not  required.  However, 
equivalent  buffer  amplifier  devices  will  be  required,  since  you  are  not  going  to  use  a 
microprocessor  as  sophisticated  as  the  CP1600  in  a  very  simple  configuration  —  and  that  is  the 
only  type  of  configuration  which  the  CP1600  would  be  able  to  drive  without  buffer  amplifiers. 
The  CP1600  is  fabricated  using  NMOS  ion  implant  LSI  technology;  the  device  is  packaged  as  a 
40-pin  DIP, 

Three  power  supplies  are  required:    +  12V,   +  5V  and  -3V. 

Using  a  200  nanosecond  clock,  instruction  execution  times  range  between  1.6  and  4.8  microse- 
conds 

THE  CP1600  MICROCOMPUTER  SYSTEM  OVERVIEW 

Logic  of  our  general  microcomputer  system  which  has  been  implemented  by  the 
CP1600  CPU  is  illustrated  in  Figure  15-1. 

Observe  that  the  CP1600  requires  external  logic  to  create  its  various  timing  and 
clock  signals. 

Some  bus  interface  logic  is  shown  as  absent  because  a  number  of  devices  must 
surround  the  CP1 600;  these  include 

1)  An  address  buffer,  since  data  and  addresses  are  multiplexed  on  a  single  16-bit  bus. 

2)  Buffer  amplifiers  to  provide  the  power  required  by  the  type  of  memory  and  I/O  devices  that 
will  normally  be  connected  to  a  CP1600  CPU. 

3}     A  one-of-eight  decoder  chip  to  create  eight  individual  control  signals  out  of  three  controls 
output  by  the  CP1600. 
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4)     A  one-of -sixteen  multiplex  chip  to  funnel  sixteen  external  status  signals  into  the  CP1600. 

Were  you  to  compare  Figure  15-1  with  an  equivalent  figure  for  a  low-end  microprocessor,  such 
as  the  F8  (which  is  described  in  Chapter  2}  the  CP1 600  may  appear  to  offer  fewer  logic  functions; 
but  within  the  functions  it  does  provide,  the  CP1600  provides  considerably  more  logic  and  pro- 
gram execution  capabilities  Where  low-end  microprocessors  choose  to  condense,  onto  a  single 
chip,  simple  implementations  of  different  logic  functions,  high-end  products  such  as  PACE  and 
the  CP1600  choose  to  provide  more  devices  —  with  greater  capabilities  on  each  device. 

CP1600  PROGRAMMABLE  REGISTERS 

The  CP1600  has  eight  16-bit  programmable  registers  which  may  be  illustrated  as 
follows: 


R0 

R1    | 

R2     >  Data  Counters 

R3    j 

R4    )    Data  Counters  with  , 

R5    )    auto-increment 

R6        Stack  Pointer 

R7        Program  Counter 


General  Purpose  registers 


The  way  in  which  the  registers  illustrated  above  are  used  is  unusual,  when  compared  to  other 
microcomputers  described  in  this  book  All  eight  16-bit  registers  can  be  addressed  as  though 
they  were  General  Purpose  registers;  however,  only  Register  R0  has  no  other  assigned  function. 
We  may  therefore  look  upon  Register  R0  as  the  Primary  Accumulator  for  this  CPU. 

Registers  R1,  R2  and  R3  serve  as  General  Purpose  registers,  but  may  also  be  used  as  Data  Coun- 
ters, 

In  addition  to  serving  as  General  Purpose  registers,  R4  and  R5  may  be  used  as  auto-incrementing 
Data  Counters  Memory  reference  instructions  that  identify  Register  R4  or  R5  as  holding  the  im- 
plied memory  address  will  cause  the  contents  of  Register  R4  or  R5  to  be  incremented  —  after  the 
memory  reference  instructions  have  completed  execution. 

Registers  R6  and  R7,  in  addition  to  being  accessible  as  General  Purpose  registers,  also  serve  as  a 
Stack  Pointer  and  a  Program  Counter,  respectively. 

Having  the  Stack  Pointer  accessible  as  a  General  Purpose  register  makes  it  quite  simple  to  main- 
tain more  than  one  Stack  in  external  memory;  also,  you  can  easily  address  the  Stack  by  indexing 
backwards  from  the  Stack  Pointer 

Having  the  Program  Counter  accessible  as  a  General  Purpose  register  can  be  useful  when  execut- 
ing various  types  of  conditional  branch  logic. 

While  having  the  Stack  Pointer  and  the  Program  Counter  accessible  as  though  they  were  General 
Purpose  registers  may  appear  strange,  this  is  a  feature  of  the  PDP-1 1  minicomputer  —  and  is  a 
very  powerful  programming  tool 

CP1 600  MEMORY  ADDRESSING  MODE 

The  CP1600  addresses  memory  and  I/O  devices  within  a  single  address  space. 

When  referencing  external  memory,  you  can  use  direct  addressing,  implied  ad- 
dressing, or  implied  addressing  with  auto-increment. 

Direct  addressing  instructions  are  all  two  or  more  words  long,  where  the  second  or  last  word  of 
:  the  instruction  object  code  provides  a  16-bit  direct  address 

Instructions  that  reference  memory  using  implied  addressing  identify  General  Purpose  Register 
R1,  R2  or  R3  as  containing  the  implied  address. 
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A  memory  reference  instruction  which  identifies  Register  R4  or  R5  as  providing  the  external 
memory  address  will  always  cause  Register  R4  or  R5  contents  to  be  incremented  — following 
the  memory  access;  thus  you  have  implied  memory  addressing  with  auto-increment. 
The  CP1600  has  no  stack  reference  instructions  such  as  a  Push  or  Pull;  rather  a  variety  of  memory 
reference  instructions  can  identify  Register  R6  as  providing  the  implied  address.  When  Register 
R6  provides  the  implied  address,  it  is  treated  as  an  upward  migrating  Stack  Pointer.  When  a 
memory  write  operation  specifies.  Register  R6  as  providing  the  implied  memory  address,  Register 
R6  contents  will  be  incremented  following  the  memory  write.  A  memory  read  instruction  that 
specifies  Register  R6  as  providing  the  implied  memory  address  will  cause  the  contents  of  Register 
R6  to  be  decremented  before  the  read  operation1  occurs. 

An  unusual  feature  of  the  CP1600  is  the  fact  that  a  variety  of  secondary  memory  reference  in- 
structions can  also  reference  memory  via  the  Stack  Pointer.  When  these  instructions  are  ex- 
ecuted, Register  R 6  contents  are  decremented  before  the  memory  access  occurs  —  as  though  a 
pull  operation  from  the  Stack  was  being  executed. 

Logically,  Register  R6,  the  Stack  Pointer,  is  being  handled  as  though  it  were  a  Data  Counter  with 
post-increment  and  pre-decrement, 

CP1 600  STATUS  AND  CONTROL  FLAGS 

The  CP1600  CPU  has  four  of  the  standard  status  flags;  in  addition  it  has  some 
unusual  control  signals. 

These  are  the  four  standard  status  flags: 

Sign  (S).  This  status  is  set  equal  to  the  high  order  bit  of  any  arithmetic  operation  result 

Zero  (Z).  This  status  is- set  to  1  when  any  instruction's  execution  creates  a  zero  result.  The  status  is 
set  to  0  for  a  nonzero  result, 

The  Carry  (C)  and  Overflow  (0)  statuses  are  standard  carry  and  overflow,  as  described  in  Volume  I 
Chapter  2. 

Four  control  signals  are  output  (EBCAO  -  EBCA3)  during  a  Branch-on-External 
(BEXT)  instruction.  These  four  signals  are  output  to  reflect  the  low  order  four  bits  of  the  BEXT 
instruction's  object  code.  External  logic  receives  these  four  signals,  and  depending  on  their  state, 
may  or  may  not  return  a  high  input  via  EBCL  If  EBC!  is  returned  high,  then  the  BEXT  instruction 
will  perform  a  branch;  if  EBCI  is  returned  Sow,  then  the  BEXT  instruction  will  cause  the  next  se- 
quential instruction  to  be  executed  The  four  control  signals  EBCAO  -  EBCA3  therefore  provide 
the  CP1600  with  a  means  of  testing  16  external  conditions 

CP1600  CPU  PINS  AND  SIGNALS 

CP1600  CPU  pins  and  signals  are  illustrated  in  Figure  15-2. 

DO  -  D15  is  a  multiplexed  Address  and  Data  Bus.  Given  a  total  of  40  pins  in  a  package, 
CP1600  designers  have  been  forced  to  share  16  pins  between  addresses  and  data,  Three  con- 
trol signals,  BDIR,  BC1  and  BC2,  identify  the  traffic  on  the  Address/Data  Bus.  Ex- 
ternal logic  (one  MSI  chip)  must  decode  these  three  signals  to  create  eight  control 
signals,  as  summarized  in  Table  15-1. 

Remaining  signals  may  be  divided  into  four  groups:  timing,  status/control,  inter- 
rupt and  DMA. 

Two  timing  clock  signals  are  required:  <J>1  and  $2.  These  are  complementary  clock  sig- 
nals which  may  be  illustrated  as  follows:  • 


<J>1 

02 


r 
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31 
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11             CPU 

30 
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D9 

12 

29 

— ►     BUSAK 

D8 

13 

28 

< —     INTR 

DO 

14 

27 

^ INTRM 
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15 

26 
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D6 

17 
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19 

22 
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D3 

20 
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Pin  Name 

Descrip 

tion 

Type 

D0-D15 

Data  and  Address  Bus 

Tristate,  Bidirectional 

BDIR,  BC1,  BC2 

Bus  control  signals 

Output 

<*>1,  4>2 

Clock  signals 

Input 

MSYNC 

Master  Synchronization 

Input 

EBCAO  -  EBCA3 

External  branch  condition  address  lines 

Output 

EBCI 

Externa!  branch  condition  input 

Input 

PCtT 

Program  Counter  inhibit/software 

Input 

interrupt  signal 

BDRDY 

WAIT 

Input 

STPST 

CPU  stop  or  start  on  high-to  low  transition 

Input 

HALT 

Halt  state  signal 

Output 

INTR,  INTRM 

interrupt  request  tines 

Input 

TCI 

Terminate  current  interrupt 

Output 

BUSRQ 

Bus  request 

Input 

BUSAK 

External  bus  control  acknowledge 

Output 

VBB-  vcc-  VqD 

GND 

Power  and  Ground 

Figure  15-2.  CP1600  CPU  Signals  And  Pin  Assignments 

MSYNC  is  a  somewhat  unusual  signal,  as  compared  to  other  microcomputer  clock 
signals  in  this  book.  Following  power  up,  MSYNC  must  be  held  low  for  at  least  10  millise- 
conds. On  the  subsequent  rising  edge  of  MSYNC,  logic  internal  to  the  CP1600  CPU  will  syn- 
chronize the  $1  and  <t>2  clock  signals  to  start  a  new  machine  cycle.  Most  of  the  CPU  devices  we 
have  described  in  this  book  use  a  reset  signal,  or  have  internal  power  up  logic  which  performs 
this  clock  synchronization. 


Another  unusual  feature  of  the  MSYNC  signal  is  the  fact  that  it  does  not       CP1600 
zero  any  internal  CPU  registers — not  even  the  Program  Counter.     In-       SYSTEM 
stead,  when  MSYNC  is  raised  high  after  having  been  input  low,  the  CPU        RESET 
immediately  reads  the  contents  of  the  Data/Address  Bus  and  interprets 
this  16-bit  value  as  the  address  of  the  first  instruction  to  be  executed  following  the  Reset.  Thus, 
external  logic  must  also  receive  the  MSYNC  signal  and  must  provide  the  address  of  the  first  in- 
struction to  be  executed  following  a  system  Reset. 
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Table  15-1    CP1600  Bus  Control  Signals 


BC1 


BC2 


BDIR 


SIGNAL 


NACT 

BAR 

IAB 

DWS 
ADAR 

DW 
DTB 
INTAK 


FUNCTION 


The  CPU  is  inactive  and  the  Data/Address  Bus  is  in  a  high 
impedance  state. 

A  memory  address  must  be  input  to  the  CPU  via  the 
Data/Address  Bus. 

Acknowledged  external  interrupt  requesting  logic  must 
place  the  starting  address  for  the  interrupt  service  routine 
on  the  Address  Bus. 

Data  write  strobe  for  external  memory. 
This  signal  identifies  a  time  interval  during  which  the 
Data /Address  Bus  is  floated,  while  the  contents  of  a  Data 
Counter  register  is  being  interpreted  as  the  effective 
memory  address  during  an  implied  addressing  operation. 
The  CPU  is  writing  data  to  external  memory.  DW  will  pre- 
cede DWS  by  one  machine  cycle, 
This  is  a  read  strobe  which  external  memory  or  I/O  logic 
can  use  in  order  to  place  data  on  the  Data/Address  Bus. 
This  is  an  interrupt  acknowledge  signal.  It  is  followed  by 
IAD  which  is  a  strobe  telling  the  external  logic  which  is 
being  acknowledged  to  identify  itself  by  placing  an  ad- 
dress vector  on  the  Data /Address  Bus, 


Now  consider  the  status  and  control  signals. 

First    of    all.    there    are    the    four    control    outputs    which    we    have    already    de- 
scribed:  EBCAO  -  EBCA3.  There  is  one  conditional  Branch  instruction  (BEXT)  which 
w.ll  only  branch  if  a  high  signal  is  input  via  EBCI.  When  the  BEXT  instruction  is  executed 
the  low  order  four  BEXT  instruction  object  code  bits  are  output  via  EBCAO  -  EBCA3.  External  logic 
is  supposed  to  decode  these  four  signals  by  whatever  means  are  appropriate  —  and  thence 
determine  whether  EBCI  should  be  input  high  or  low.  A  high  input  as  we  have  just  stated  will 
result  in  a  branch;  a  low  input  will  cause  the  next  sequential  instruction  to  be  executed. 
Now,  in  reality,  there  is  no  connection  within  CP1600  CPU  logic  between  the  EBCI  input  and  the 
four  EBCAO  -  EBCA3  outputs.  So  far  as  external  logic  is  concerned,  the  execution  of  a  BEXT  in- 
struction is  identified  by  signal  levels  output  and  maintained  on  the  EBCAO  -  EBCA3  outputs 
while  the  EBCI  input  determines  whether  a  branch  will  or  will  not  occur  How  external  logic 
chooses  to  determine  whether  EBCI  will  be  set  high  or  low  is  entirely  up  to  external  logic  The 
only  vital  function  served  by  EBCAO  -  EBCA3  is  to  identify  the  instant  at  which  a  BEXT  instruction 
is  executed. 

Another  unusual  control  signal  provided  by  the  CP1600  is  PCIT;  this  is  a  bidirectional 
signal.  When  input  low,  this  signal  prevents  the  Program  Counter  from  being  incremented  follow- 
ing an  instruction  fetch.  This  signal  is  also  output  as  a  low  pulse  following  execution  of  a  software 
interrupt  instruction.  Instruction  timing  separates  the  active  input  and  active  output  of  this  signal- 
providing  external  logic  adheres  to  timing  requirements,  a  conflict  between  input  and  output  loqic 
will  never  arise. 


BDRDY  is  equivalent  to  the  WAIT  signal  we  have  described  for  a  number  of  other 
microcomputers.  BDRDY  is  input  low  by  any  external  logic  which  requires  more  time  in  order 
to  respond  to  an  I/O  access.  Recall  that  the  CP1600  uses  a  single  address  space  to  reference 
memory  or  I/O  devices.  The  BDRDY  signal  causes  the  CPU  to  enter  a  Wait  state  for  as  long  as 
BDRDY  is  being  input  low;  however,  during  the  Wait  state  CPU  logic  is  not  refreshed  Thus  a  Wait 
state  cannot  last  for  more  than  40  microseconds,  or  the  contents  of  internal  CPU  locations  will  be 
lost. 
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STPST  is  a  typical  Halt/Reset  input,  except  that  it  is  an  edge  triggered  signal.  When  exter- 
nal logic  inputs  a  high-to-low  transition  via  STPST.  the  CPU  will  complete  execution  of  any  inter- 
ruptible  instruction,  then  will  enter  a  Halt  state  and  output  HALT  high.  If  a  non-interruptible  in- 
struction is  being  executed,  then  the  Halt  state  will  not  begin  until  completion  of  the  next  inter- 
rupt! ble  instruction's  execution.  The  Halt  state  will  last  until  external  logic  inputs  another  high-to- 
low  STPST  transition  —  at  which  time  the  HALT  output  will  be  returned  low  and  normal  pro- 
gramming execution  will  continue.  Execution  of  the  HLT  instruction  also  causes  the  CP1600  to 
enter  a  Halt  state,  as  described  above. 

Let  us  now  look  at  interrupt  signals. 


The  CP160Q  has  two  interrupt  request  inputs  — INTR  and  INTRM.  INTR  has  higher 
priority  than  INTRM.  INTR  cannot  be  disabled.  Typically  INTR  will  be  used  to  trigger  an  interrupt  on 
power  failure  or  other  catastrophe. 

The  interrupt  acknowledge  signal  is  created  by  external  logic  which  must  decode 
the  BC1,  BC2  and  BDIR  signals,  as  shown  in  Table  15-1.  Observe  that  there  are,  in  fact  two 
interrupt  acknowledge  signals;  the  first  acknowledges  the  interrupt  itself,  while  the  second  may 
be  used  as  a  strobe  for  external  logic  to  return  an  interrupt  address  vector.  This  interrupt  se- 
quence is  described  later  in  this  chapter. 

The  CP1600  has  two  additional  interrupt-related  signals  which  are  unusual  when  compared  to 
other  microcomputers  described  in  this  book 

TCI  is  output  high  when  an  End-of-lnterrupt  instruction  is  executed.  This  signal  makes  it  easy  for 
external  logic  to  generate  interrupt  priorities  which  extend  across  the  execution  of  an  interrupt 
service  routine.  We  have  discussed  this  subject  in  some  detail  while  describing  the  8259  Priority 
Interrupt  Control  Unit  in  Chapter  4. 

THE  CP1600  DMA  LOGIC 

DMA  logic  of  the  CP1600  is  quite  straightforward.  When  external  logic  wishes  to  transfer 
data  under  DMA  control,  it  inputs  BUSRQ  low.  At  the  conclusion  of  the  next  inter- 
ruptible  instruction's  execution,  the  CPU  floats  the  System  Bus  and  outputs 
BUSAK  low.  External  logic  can  keep  control  of  the  System  Bus  for  as  long  as  BUSRQ  is  being 
input  low. 
The  System  Data/Address  Bus  lines  — DO  to  D15  — are  floated  during  a  DMA  operation. 

THE  CP1600  INTERRUPT  LOGIC 

The  CP1 600  uses  a  vectored  interrupt  processing  system. 

External  logic  requests  an  interrupt  by  inputting  a  low  signal  at  either  the  INTR  or  INTRM  pins. 

Following  the  execution  of  the  next  interruptible  instruction,  the  CP1600  acknowledges  the  inter- 
rupt by  pushing  Register  R7  contents  (the  Program  Counter)  onto  the  Stack;  then  the  CP1600  out- 
puts 111,  followed  by  010  at  BC1.  BC2  and  BDIR.  External  logic  must  respond  by  placing  16  bits 
of  data  on  the  Data/ Address  Bus  These  16  bits  of  data  will  be  loaded  into  Register  R7,  the  Pro- 
gram Counter,  thus  causing  program  execution  to  branch  to  the  memory  location  where  an  inter- 
rupt service  routine  dedicated  to  the  single  acknowledge  interrupt  begins. 

Recall  that  the  PCIT  signal  is  output  low  following  execution  of  a  software  interrupt  instruction. 
This  is  the  only  microcomputer  described  in  this  book  which  allows  external  logic  to  respond  to  a 
software  interrupt  in  this  fashion.  Allowing  external  logic  to  respond  to  a  software  interrupt  only 
makes  sense  when  you  anticipate  your  product  being  used  in  a  minicomputer-like  environment. 
Typically,  the  software  interrupt  will  interface  to  logic  of  a  front  panel  or  console. 
You  may,  if  you  wish,  end  an  interrupt  service  routine  by  executing  a  Terminate  Current  Interrupt 
(TC!)  instruction,  in  which  case  the  TCI  signal  will  be  output  high. 

Following  an  interrupt  acknowledge,  the  interrupt  service  routine  must  execute  instructions  in 
order  to  disable  interrupts  and  save  the  contents  of  registers  on  the  Stack.  The  exception  is 
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Register  R7,  the  Program  Counter,  which  is  automatically  pushed  onto  the  Stack  following  an  in- 
terrupt acknowledge. 

External  logic  is  entirely  responsible  for  any  type  of  interrupt  priority  arbitration  which  may  occur, 
and  for  the  generation  of  the  interrupt  vector  address  which  must  be  input  following  an  interrupt 
acknowledge, 

THE  CP1600  INSTRUCTION  SET 

The  CP1600  instruction  set  is  relatively  straightforward.  Addressing  modes  are  simple  and  in- 
structions are  typical  of  those  we  have  seen  and  described  for  other  microcomputers.  Unusual 
features  relating  to  addressing  modes  available  with  individual  instructions  are  sum- 
marized in  Table  15-2,  which  describes  the  CP1600  instruction  set. 

There  are  a  few  features  of  the  CP1600  instruction  set  worth  noting. 

First  of  all,  individual  instructions  allow  you  to  access  8-bit  or  16-bit  data.  If  you  execute  an  SDBD 
instruction,  then  subsequent  data  will  be  fetched  from  memory  in  8-bit  increments.  For  example 
an  immediate  instruction  that  would  normally  input  16  bits  of  data  from  the  second  instruction 
object  code  word,  will  now  require  two  trailing  object  code  words.  This  may  be  illustrated  as 
follows: 


■  Object  Code 


Unused  16  data  bits 

Another  interesting  feature  of  the  CP1600  is  the  fact  that  all  instruction  codes  occupy  just  10  of 
the  16  available  bits.  The  high  order  six  instruction  code  bits  are  ignored  at  the  present  time  but 
are  planned  for  future  expansion  of  the  product  family. 

If  you  have  never  programmed  a  PDP-11  minicomputer,  then  you  should  pay  par- 
ticular attention  to  programming  techniques  that  result  from  the  Stack  Pointer  and 
Program  Counter  being  accessed  as  general  purpose  registers. 

A  wide  variety  of  Register  Operate  instructions  allow  you  to  compute  data  and  load  the  result 
directly  into  Register  R7.  the  Program  Counter.  In  effect,  these  become  computed  Jump  instruc- 
tions. 

The  ability  to  manipulate  Register  R6,  the  Stack  Pointer,  as  though  it  were  a  General  Purpose 
register  means  that  it  is  easy  to  maintain  a  number  of  different  Stacks  in  external  read /write 
memory. 

The  Jump-to-Subroutine  instruction  has  a  minicomputer  flavor  to  it.  Rather  than  saving  the  return 
address  on  the  Stack,  Register  R7  contents  are  moved  to  General  Purpose  Register  R4  or  R5.  A 
number  of  minicomputers  will  save  a  subroutine  return  address  in  a  General  Purpose  register  in 
this  fashion.  The  problem  with  this  logic  is  that  you  must  execute  an  additional  instruction  within 
the  subroutine  to  save  the  return  address  on  the  Stack  if  you  are  going  to  use  nesting 
subroutines.  If  you  are  passing  subroutine  parameters,  however,  this  is  an'excellent  arrangement, 
for  the  Jump-to-Subroutine  instruction  places  the  address  of  the  parameter  list  directly  in  a  Data 
Counter  with  auto-increment.  We  have  described  the  concept  of  parameter  passing  in  Volume  I 
Chapter  7. 

Note  that  the  CP1600  instruction  set  lacks  a  logical  OR. 

In  Tables  15-2  and  15-4,  instruction  length  is  given  in  terms  of  "words"  rather  than  "bytes"  as 
we  have  done  in  previous  chapters.  Since  only  the  lower  10  bits  of  the  CP1600  object  code  are 
presently  used,  system  configurations  need  not  have  the  full  16-bit  word  size.  Hence,  a  word 
may  be  10  to  16  bits  wide,  depending  on  the  implementation. 
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The  following  notation  is  used  in  Table  15-2: 

ADDR  One  word  of  direct  address.. 

cond  Condition  on  which  a  branch  may  be  taken.  Table  15-3  lists  al!  14  branch  conditions. 

DATA         One  word  of  immediate  data. 

DISP  One  word  displacement.  See  Table  15-4  for  location  of  sign  bit 

E  External  branch  condition. 

EBCAO-3     The  external  branch  condition  address  lines:   EBCAO,  EBCA1,  EBCA2  and  EBCA3. 

EBCI  The  external  branch  condition  input  line. 

LABEL         A  16-bit  direct  address,  target  of  a  Jump  instruction.  See  Table  15-4  for  the  bit  for- 
mat. 

PCIT  The  software  interrupt  output  line 

RB  Genera!  Purpose  Register  R4,  R5  or  R6. 

RD  One  of  the  General  Purpose  registers,  used  as  a  destination  for  operation  results. 

RM  One  of  the  General  Purpose  registers  used  as  a  Data  Counter.  R4  or  R5,  if  specified,  is 

auto-incremented  after  the  memory  access.  R6  is  incremented  after  a  write,  and 
decremented  before  a  read 
General  Purpose  Register  RO,  R1,  R2  or  R3. 
One  of  the  Genera!  Purpose1  registers,  used  as  the  source  of  an  operand. 


RR 
RS 
STATUSES 


SW 


S  the  Sign  status 
C  the  Carry  status 
Z  the  Zero  status 
0      the  Overflow  status 

The  following  symbols  are  used  in  the  STATUSES  column: 
X      the  status  flag  is  affected  by  the  operation. 
A  blank  means  the  status  flag  is  not  affected. 

0  the  operation  clears  the  status  flag 

1  the  operation  sets  the  flag 

2  the  'Overflow  flag  is  affected  only  on  2-bit  shifts  or  rotates. 

The  Status  Word-,  whose  bits  correspond  to  the  condition  of  the  status  flags  in  the 
following  way: 


3    2    10 

GET" 


o  c 


•< Bit  No 

Status  Word 


When  the  status  word  is  copied  into  a  register,  it  goes  to  the  upper  half  of  each  byte: 


[RR] 


[SW] 


When  the  status  word  is  loaded  from  a  register,  it  comes  from  the  upper  half  of  the 
lower  byte: 


E 


11L 

ERS] 


[SW] 
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x  <y,z  >     Bits  y  through  z  of  the  Register  x.  For  example,  R7  <  1 5,8  >  represents  the  upper  byte 

of  the  Program  Counter. 
(.2)  Indicates  that  the  operand  ",2"  is  optional, 

T-T  A  low  pulse 

C  ]  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed 

within  the  brackets,  then  the  designated  register's  contents  are  specified.  If  a  memory 

address  is  enclosed  within  the  brackets,  then  the  contents  of  the  addressed  memory 

location  are  specified. 

[[  ]]  Implied  memory  addressing;  the  contents  of  the  memory  location  designated  by  the 

contents  of  a  register. 
A  Logical  And 

V-  Logical  Exdusive-OR 

Addition  or  subtraction  of  a  displacement,  depending  on  the  sign  bit  in  the  object 
code. 

Data  is  transferred  in  the  direction  of  the  arrow. 


+ 
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Table  15-3.  CP1600  Branch  Conditions  And  Corresponding  Codes 


OBJECT  CODE 

MNEMONIC 

BRANCH  CONDITION 

DESIGNATION 

C    , 

C-1 

0001 

LGT 

Carry 

(logical  greater  than) 

NC 

c=o 

1001 

LLT 

No  Carry 
(logical  less  than) 

OV 

0  =  1 
Overflow 

0010 

NOV 

0=0 

No  overflow 

1010 

PL 

S=0 
Plus 

0011 

Ml 

S  =  1 
Minus 

1011 

ZE 

Z  =  1 

0100 

EQ 

Zero  (equal) 

NZE 

Z  =0 

1100 

NEQ 

Nonzero  (not  equal) 

LT 

SVO  =  1 
Less  than 

0101 

GE 

SYO=0 

Greater  than  or  equal 

1101 

LE 

ZV(SVO)=  1 

Less  than  or  equal              , 

0110 

GT 

ZV(SVO)=0 
Greater  than 

1110 

use 

C-VS  =  1 

Unequal  sign  and  carry 

0111 

ESC 

C¥S  =0 

1111 

EquaLsign  and  carry 
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The  following  notation  is  used  in  Table  15-4; 

Where  10  digits  are  shown,  they  are  the  10  low  order  bits  of  a  10  to  16  bit  word  (Word  size  de- 
pends on  the  system  implementation.)  Where  4  digits  are  shown,  they  represent  the  hexadecimal 
notation  for  an  entire  word  (10  to  16  bits). 

bb  Two  bits  indicating  one  of  the  first  three  General  Purpose  registers, 

cccc         Four  bits  giving  the  branch  condition,  as  shown  in  Table  15-3. 

ddd  Three  bits. indicating  a  destination  register,  RD. 

eeee        Four  bits  giving  the  external  branch  condition,  E 

llll  One  word  of  immediate  data. 

mmrn       Three  bits  indicating  a  Data  Counter  Register  RM. 

m  One  bit  indicating  the  number  of  rotates  or  shifts: 

0  one  bit  position 

1  two  bit  positions 

p  One  bit  of  immediate  address 

P  One  hexadecimal  digit  (4  bits)  of  immediate  address 

rr  Two  bits  indicating  one  of  the  first  four  Genera!  Purpose  registers, 

sss  Three  bits  indicating  a  source  register,  RS. 

z  Sign  of  the  displacement: 

0  add  the  displacement  to  PC  contents 

1  subtract  the  displacement  from  PC  contents 

In  the  "Machine  Cycles"  column,  when  two  numbers  are  given  with  one  slash  between  (e.g., 
7/9),  execution  time  depends  on  whether  or  not  a  branch  is  taken.  When  two  numbers  are  given, 
separated  by  two  slashes  (such  as  8//1 1),  execution  time  depends  on  which  register  contains  the 
implied  address. 
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Table  15-4,  CP1600  Instruction  Set  Object  Codes 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

WORDS 

CYCLES 

ADCR  RD 

0000101ddd 

1 

6 

ADD  ADDR,RD 

1011000ddd 
PPPP 

2 

10 

ADD®  RM,RD 

1011mmmddd 

1 

8//11 

ADD1  DATA,RD 

101 1 1 1 1ddd 

till 

2 

8 

ADDR  RS,RD 

0011sssddd 

1 

6 

AND  ADDR,RD 

1110000ddd 
PPPP 

2 

10 

AND®  RM,RD 

1110mmmddd 

1 

8//11 

ANDI  DATA,RD 

1 1 101 1 1ddd 

HII 

2 

8 

<  ANDR  RS.RD 

0110sssddd 

1 

6 

B  DISP 

IOOOzOOOOO 
PPPP 

2 

7/9 

'    Bcond  DISP 

1000z0cccc 
PPPP 

2 

7/9 

BEXT  DISP.E 

1000z 1eeee 
PPPP 

2 

7/9 

CLRC 

0006 

1 

4 

CLRR  RD 

0111dddddd 

1 

6 

CMP  ADDR.RS 

1101000sss 
pppp 

2 

10 

CMP©  RM,RS 

1l01mmmsss 

1 

8// 11 

CMPI  DATA,RS 

nomisss 

llll 

2 

8 

CMPR  RS,RD 

0101sssddd 

1 

6 

COMR  RD 

000001 Iddd 

1 

6 

DECR  RD 

00000 10ddd 

1 

6 

DIS 

0003 

1 

4 

EtS 

0002 

1 

4 

GSWD  RR 

00001 100rr 

1 

6 

HLT 

0000 

1 

4 

INCR  RD 

000000 Iddd 

1 

6 

J  LABEL 

0004 
llppppppOO 

PPPP 

3 

12 

JD  LABEL 

0004 

!1pppppp10 

PPPP 

3 

12 

JE  LABEL 

0004 

11pppppp01 

pppp 

3 

12 

JR  RS 

0010sss111 

1 

7 

JSR  RB,LABEL 

0004 

bbppppppOO 

PPPP 

3 

12 

JSRD  RB.LABEL 

0004 

bbppppppIO 

PPPP 

3 

12 

JSRE  RB.LABEL 

0004 

bbppppppOl 

PPPP 

3 

12 

MOVR  RS.RD 

OOlOsssddd 

1 

6//7 

MV!  ADDR,RD 

1010000ddd 
PPPP 

2 

10 

MVI'     RM.RD 

1010mmmddd 

1 

8//11 
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Table  15-4.  CP1600  Instruction  Set  Object  Codes  (Continued) 


MACHINE 

INSTRUCTION 

OBJECT  GODE 

WORDS 

CYCLES 

MVH  DATA,RD 

10101 11ddd 
Mil 

2 

8 

MVO  RS,ADDR 

1001000sss 
pppp 

2 

11 

MVO@  RS,RM 

1001mmmsss 

1 

9 

MVOI  RS.DATA 

1001111sss 

ins 

2 

9 

NEGR  RD 

0000100ddd 

'   1 

6 

NOP  (2) 

000011010m 

1 

6 

NOPP 

1000z01000 
pppp 

2 

7 

PSHR  RS 

1001110sss    , 

1 

9 

PULR  RD 

10101 10ddd 

• 

11 

RLC  RR(,2) 

0001 01  Omrr 

1 

6/8 

RRC  RR(,2) 

0001110mrr 

1 

6/8 

RSWD  RS 

00001 11sss 

1 

6 

SAR  RR(,2) 

0001101mrr 

1 

6/8 

SARC  RRU) 

0001111mrr 

1 

6/8 

:    SDBD 

0001 

1 

4 

SETC 

0007 

1 

4        ; 

SIN  <2) 

000011011m 

1 

6 

SLL  RR{,2) 

0001001  mrr 

1 

6/8 

SLLC  RR(,2) 

000101 1,mrr 

1 

6/8 

SLR  RR(,2) 

OOOIIOOmrr 

1        - 

6/8 

SUB  ADDRfRD 

llOOOOOddd 
PPPP 

2 

10 

SUB®  RM,RD 

.   HOOmmmddd 

1 

8//11 

SUBT  DATA,RD 

1100111ddd 
III! 

2 

8 

SUBR  RS,RD 

OlOOsssddd 

1 

6 

SWAP  RR(,2) 

OOOIOOOnrr 

1 

6/8 

TCI 

0005 

1 

4 

TSTR  RS 

OOlOssssss 

1 

6//7 

XOR  ADDR.RD 

1111000ddd 
PPPP 

2 

10 

XOR@  RM,RD 

1111mmmddd 

1 

8//11 

XORi  DATA,RD 

1111 111ddd 
llll 

2 

8 

XORR  RS,RD 

OUIsssddd 

1 

6 

THE  BENCHMARK  PROGRAM 

For  the  CP1600  our  benchmark  program  may  be  illustrated  as  follows: 

LOAD  THE  I/O  BUFFER.  STARTING  ADDRESS  INTO  R4 
LOAD  THE  TABLE  STARTING  ADDRESS  INTO  R1 
LOAD  ADDRESS  OF  FIRST  FREE  TABLE  WORD  INTO  R5 
LOAD  WORD  COUNT  INTO  R2 
LOOP    MVI@  R4,R0  LOAD  NEXT  DATA  WORD  FROM  IOBUF 

STORE  IN  NEXT  TABLE  WORD 
DECREMENT  WORD  COUNT 
RETURN  IF  NOT  END 
RETURN  ADDRESS  OF  NEXT  FREE  TABLE  BYTE 

This  benchmark  program  makes  very  few  assumptions.  The  input  table  IOBUF  and  the  data  table 
TABLE  can  have  any  length,  and  can  reside  anywhere  in  memory  The  address  of  the  first  free 
word  in  TABLE  is  stored  in  the  first  word  of  the  TABLE. 


MVH 

I0BUF.R4 

MVH 

TABLE,  R1 

MVI@ 

R1,R5 

MVH 

CNT,R2 

MVI@ 

R4,R0 

MVO@ 

R0.R5 

DECR 

R2 

BNZE 

LOOP 

MVO@ 

R5.R1 
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ELECTRICAL  DATA 


The  following  pages  contain  specific  electrical  and  timing  data  for  the  General  Instruments 
CP 1600  CPU 


MAXIMUM  RATINGS* 


Vqq     Vjx    ^N^  Bn(*  °"  other  input/output  voltages 

with  respect  to  VBB  -0.3V  to  +18.0V 

Storage  Temperature                -55°C  to  +150°C 

Operating  Temperature                         ....             ,    .  .  .   ,  0°C  to  +  70°  C 


•Exceeding  these  ratings  could  causa  permanent 
damage  to  this  device.  Functional  operation  at 
this  condition  is  not  implied— operating  conditions 
are  specified  below. 


ELECTRICAL  CHARACTERISTICS 


Standard  Operating  Conditions  k 
All  voltages  referenced  toGNO 


DC  CHARACTERISTICS 


is  otherwise  noted):  VpD=+12v  ±  5%,  70mA<typ) 

VCC=+5V    ±5%     ,12mA(typ) 
VBB=-3V    ±10%  ,  0.2mA  (typ) 
Temperature  (T^)  =  0°C  to  +70°C 


CHARACTERISTIC 

SYMBOL 

MIN 

TYP 

MAX 

UNITS 

CONDITIONS 

Clock  Inputs: 

High 

VIHC 

10,4 

VDD 

V 

Low 

VILC 

0 

0.5 

V 

Logic  Inputs: 

Low 

V|L 

0 

0.65 

V 

AH  Lines<except  BDRDY 

High 

VIH 

2.4 

VCC 
VCC 

V 

Bus  Data  Ready  Line 

High 

VIHB 

3.0 

V 

(See  Note  1} 

Logic  Outputs: 

High 

VOH 

2,4 

VCC 

V 

lOH  =  1O0/iA 

lQL  »  1.6mA 
lOL-  2.0mA 
lOL-  1.6mA 

Data  Bus  Lines  D0-D15 

Low 

VOL 

0  5 

V 

Bus  Control  Lines,  BC1,  BC2 

BDIR 

0,45 

V      " 

All  Other 

0.45 

V 

AC  CHARACTERISTICS  (all  notati 

Dns  refer  to  Bus  Ti 

mtng  Diagram 

unless  otherwise  noted) 

Clock  Pulse  Inputs,  01  or  02: 

120<CP16Q0) 

Pulse  Width 

t01.    t02 

70ICP1600A) 

ns 

1  TTL 

Skew  (01-02  delay) 

t12,  t21 

0 

ns 

Load  & 

Clock  Period 

lev 

0.3  (CP1600) 
0  2  ICP1600AI 

2.0 

Ms 

25  pF 

Risefii  FallTimes 

tr,  tf 

15 

ns 

Master  SYNC:  Delay  from  01 

tms 

30 

ns 

D0-D1  5  Bbs  Signals:  output  delay 

120(CP1600r 

ns 

from  01 

70  (CP1600AI 

(float  to  output) 

output  delay  from  02 

50 

ns 

(output  to  float) 

* 

'' 

input  setup  time  before  01 

tBI 

0 

ns 

input  hold  time  after  01 

tB2 

10 

ns 

Bus  Control  Signals:  BC1,  BC2,  BDIR 

Output  delay  from  01 

120ICP1600I 
70  1CP1600A) 

ns 

'1  TTL 

BUSAK  Output  delay  from  01 

*BU 

150 

ns 

Load  & 

TCI  Output  delay  from  01 

'TO 

200 

ns 

25  pF 

TCI  Pulse  Width 

tTW 

300 

ns 

| 

EBCA  output  delay  from  BEXT  input 

TDE 

150 

ns 

i 

EBCA  wait  time  for  EBCI  input 

*AI 

400 

ns 

t 

CAPACITANCE  (TA  -  +25°C;  VDD 

=  +12V;Vcc=  + 

5V;  VBB  - 

-3V; 

t01  =  t02 

» 120ns) 

01,  02  Clock  Input  Capacitance 

C01.C02 

20 

30 

pF 

Input  Capacitance: 

D0-D15 

CIN 

6 

12 

PF 

All  Other 

5 

10 

pF 

Output  Capacitance: 

D0-D15  in  high  impedance  state 

8 

15 

pF 

NOTES: 

1  The  Bus  Data  RaaDY  (BDRDY)  line  is  sampled  during  time  period  TSI  after  s  BAR  or  ADAR  bus  control 
signal  BDRDY  must  go  low  requestinga  wait  state  50  ns  before  the  end  of  TS1  and  remain  low  for  50.  ns 
minimum.  BDRDY  may  go  high  asynchronously  In  response  to  BDRDY,  the  CPU  will  extend  bus  cycles 
by  adding  additional  microcycles-vip  to. a  maximum  of  40  Msec  duration, 
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Chapter  16 
THE  TMS9900 


The  TMS9900,  manufactured  by  Texas  Instruments,  is  a  single  chip  central  pro- 
cessing unit,  which  can  compete  effectively  with  minicomputers  in  interrupt- 
driven,  signal  processing  applications. 

Texas  Instruments  advertises  the  TMS9900  as  a  product  which  can  be  used  at 
these  three  ascending  levels: 

1)     As  a  single  chip  central  processing  unit,  surrounded  by  custom-designed  logic;  that  is,  in  a 

typical  microprocessor  digital  logic  application. 
2}     As  a  single  board,  minicomputer-type  central  processing  unit, 
3)     As  a  total  minicomputer  replacement,  complete  with  memory,  device  controllers  and  the 

normal  logic  found  within  a  typical  minicomputer  system. 

Programs  written  for  a  TMS9900  at  any  one  of  the  three  levels  can,  in  theory,  be 
used  at  any  higher  level.  Texas  Instruments  advertises  this  upward  program  compatibility  as 
an  important  feature  of  the  various  product  levels  There  is  merit  to  Texas  Instruments'  program 
compatibility  claims.  The  TMS9900  does  indeed  have  a  very  powerful  instruction  set  that  is  more 
independent  of  external  hardware  configurations  than  most;  but  that  is  a  two-edged  sword.  The 
TMS9900  instruction  set  gains  its  upward  compatibility  by  making  a  number  of  specific  demands 
on  external  logic.  But  that  makes  the  TMS9900  an  impractical  device  to  use  in  simple  digital  logic 
applications;  package  counts  needed  to  implement  the  demands  made  on  externa!  logic  result  in 
TMS9900  configurations  which  are  not  price  competitive,.  Therefore,  when  reading  this  chapter, 
look  upon  the  TMS9900  as  a  product  well  suited  to  complex,  low  volume  applications  that  re- 
quire a  significant  amount  of  program  generation 

The  TMS9900  CPU  is  the  only  device  described  in  this  chapter.  Additional  support 
devices  are  advertised  by  Texas  Instruments,  although  many  of  them  are  not  yet 
available  in  commercial  quantities. 

The  TMS9900  Is  manufactured  using  N-channel  silicon  gate  MOS  technology.  It  is 
packaged  as  a  64-pin  DIP.  Three  power  supplies  are  required:  -5V, -+5V  and 
+12V. 

Using  a  333  nanosecond  clock,  instruction  execution  times  range  between  3  and 
10  microseconds. 

A  TMS9900  FUNCTIONAL  OVERVIEW 

Figure  16-1  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
is  implemented  by  the  TMS9900  CPU. 

The  most  important  features  of  Figure  16-1  are: 

1)  The  absence  of  programmable  registers,  and 

2)  The  presence  of  significant  interrupt  handling  logic. 

3)  Serial-to-parallel  data  conversion  logic. 

Let  us  first  consider  the  manner  in  which  the  TMS9900  handles  programmable 
registers. 

TMS9900  PROGRAMMABLE  REGISTERS 

Within  the  logic  of  the  TMS9900  itself,  there  are  just  three  16-bit  programmable 
registers:  a  Program  Counter,  a  Workspace  register  and  a  Status  register. 
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The  Program  Counter  and  Status  register  are  straightforward.  The  Program  Counter 
always  addresses  the  next  instruction  to  be  executed.  The  Status  register  maintains  various 
statuses  which  we  describe  later  in  this  chapter. 

The  Workspace  register  is  a  unique  and  powerful  programming  feature  of  the 
TMS9900.  This  register  identifies  the  first  of  sixteen  16-bit  memory  locations 
which  act  as  16  General  Purpose  registers.  This  may  be  illustrated  as  follows: 

16-BIT  MEMORY 
LOCATION 


RO 

Cannot  be  an  Index  register 

R1 

Shift  instruction  will  seek 

R2 

shift  count  in  low  order 

R3 
R4 
R5 

four  RO  bits  if  instruction 
object  code  specifies 
0  shifts 

R6 

R7 

R8 

R9 

R10 

R11 
R12 
R13 

Subroutine  return  address  or  XOP  effective 
CRU  Bit  address                         address 
Save  old  WP 

R14 

Save  old  PC 

R15 

Save  old  ST 

Observe  that  the  TMS9900  addresses  memory  in  byte  units;  memory  addresses  that  identify 
registers  therefore  increment  in  units  of  2. 

Each  of  the  16  General  Purpose  registers  may  be  used  to  store  data  or  addresses.  Thus,  each 
General  Purpose  register  may  serve  as  an  Accumulator  or  as  a  Data  Counter. 

Registers  R11  through  R15  are  used  as  special  address  storage  buffers;  we  will  be 
describing  the  way  in  which  these  registers  are  used  as  the  chapter  proceeds. 

Having  16  General  Purpose  registers  in  read/write  memory,  rather  than  in  the 
CPU,  is  the  single  most  important  feature  of  the  TMS9900. 

The  advantage  of  having  16  General  Purpose  registers  located  anywhere  in  read/write  memory  is 
that  you  can  have  many  sets  of  16  General  Purpose  registers  with  the  single  limitation  that  they 
must  fit  within  the  available  address  space.  For  example,  following  an  interrupt  acknowledge,  you 
no  longer  need  to  save  the  contents  of  General  Purpose  registers — all  you  need  to  do  is  save  the 
contents  of  the  Program  Counter,  the  Workspace  register  and  the  Status  register  and  that  is  done 
automatically  by  TMS9900  interrupt  handling  logic.  By  loading  new  values  into  the  Program 
Counter  and  the  Workspace  register,  you  can  begin  executing  a  new  program,  accessing  32  new 
memory  bytes — which  will  be  treated  as  a  new  set  of  16  General  Purpose  registers, 

The  disadvantage  of  having  16  General  Purpose  registers  in  read/write  memory  is 
that  no  TMS9900  microcomputer  system  can  be  configured  without  read/write 
memory;  and  if  you  are  going  to  use  many  different  sets  of  16-bit  registers,  then  you  are  going 
to  require  a  significant  amount  of  read/write  memory.  Furthermore,  you  lose  the  speed  associ- 
ated with  executing  register-to-register  operations;  there  are  no  source  and  destination  locations 
left  in  the  CPU  and  every  register  access  becomes  a  memory  access. 

TMS9900  literature  refers  to  the  process  of  switching  from 
one  set  of  General  Purpose  registers  to  another  as  a  context 
switch. 


TMS9900 
CONTEXT 
SWITCH 
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Special  instructions  allow  you  to  perform  a  context  switch  or  a  backward  context  switch. 

During  a  forward  context  switch,  you  load  new  values  into  the  Workspace  register  and  Program 
Counter,  while  simultaneously  saving  the  old  Workspace  register.  Program  Counter  and  Status 
register  contents  in  the  new  General  Purpose  Registers  R13,  R14  and  R15 

A  reverse  context  switch  loads  the  current  contents  of  General  Purpose  Registers  R13,  R14  and 
R15  into  the  Workspace  register,  Program  Counter  and  Status  register,  respectively,  thus  return- 
ing you  to  your  previous  set  of  General  Purpose  registers. 

You  can  perform  context  switches  as  often  as  you  like  and  whenever  you  like.  For  example,  a 
very  effective  way  of  using  context  switching  is  to  group  data  into  contiguous  memory  words 
which  you  can  identify  as  a  register  set.  Upon  entering  a  subroutine,  you  can  perform  a  context 
switch  which  automatically  creates  all  necessary  initiat  data  and  address  values  in  appropriate 
General  Purpose  registers.  This  may  be  illustrated  as  follows: 

MEMORY  Arbitrary 

WORDS  Memory 

Addresses 
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The  illustration  above  sets  up  parameters  as  needed  by  the  benchmark  program 
we  have  used  to  illustrate  instruction  sets  for  all  microcomputers  in  this  book. 
TMS9900  MEMORY  ADDRESSING  MODES 
The  TMS9900  provides  these  four  methods  of  addressing  memory: 

1)  Direct  memory  addressing 

2)  Direct,  indexed  memory  addressing 

3)  Implied  memory  addressing 

4)  Implied  memory  addressing  with  auto-increment 


The  way  in  which  the  TMS9900  implements  these  four  memory  addressing  modes  is  exactly  as 
described  in  Volume  I,  Chapter  6,  The  important  point  to  note  is  that  the  TMS9900  looks  upon  its 
address  space  as  consisting  of  32,768  16-bit  memory  words  which  are  addressed  using  15, 
rather  than  16  Address  Bus  lines,  yet  all  addresses  are  computed  as  16-bit  words  What  happens 
is  that  when  a  16-bit  address  is. computed  by  logic  within  the  TMS9900  CPU,  the  low  order  bit  is 
interpreted  as  a  byte  discriminator  and  is  not  output  Thus,  bits  1  through  15  become  the  effec- 
tive memory  address,  while  instructions  that  operate  on  bytes  discriminate  between 
the  high  order  and  low  order  byte  using  the  low  order  address  bit.  This  may  be  illustr- 
ated as  follows: 


0      1      2      3     4     5      6      7     8     9     10    11    12    13    14    15  ■ 

15    14    13    12    11    10    9     8     7     6     5     4     3     2      1      0 

hi  mi  1 1  iirm-n  » 

' T •*- 


TMS  9900  Bit  Numbering 
Our  Bit  Numbering 

-Bit  Address 


Byte  identifies 

15-bit  memory  address 


Direct  memory  addressing  instructions"  provide  the  memory  address  in  the  second  word  of  in- 
struction object  code: 


Instruction  Object  Code 


15 

14 

13 

12 

11 

10 
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7 
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2 
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*  Direct  address 


Direct,  indexed  memory  addressing  instructions  provide  a  base  address  in  the  second  object  code 
word,  but  they  also  identify  a  General  Purpose  register  whose  contents  are  to  be  added  to  the 
base  address.  Again  the  low  order  bit  of  the  computed  address  is  discarded. 

General  Purpose  Register  RO  cannot  be  specified  as  an  Index  register 

Direct,  indexed  addressing  makes  more  sense  in  a  TMS9900  microcomputer  than  it  does  in  a 
simpler  logic  replacement  device,  because  the  TMS9900  may  well  be  used  in  applications  that 
need  a  great  deal  of  minicomputer-like  programming.  Also,  you  can  address  the  previous  set  of 
General  Purpose  registers,  following  a  context  switch,  without  knowing  where  the  previous 
registers  were.  Suppose  you  want  to  access  the  contents  of  the  memory  word  which  was  being 
used  as.  General  Purpose  Register  R5  before  you  switched  to  your  current  set  of  General  Purpose 
registers.  Recall  that  the  previous  Workspace  register  contents  are  stored  in  your  current  General 
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Purpose  Register  R13.  You  could  thus  address  the  previous  General  Purpose  Register  R5.  without 
having  to  know  where  this  General  Purpose  register  may  have  been,  by  using  direct  indexed  ad- 
dressing as  follows: 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

d 

i 

0 

X 

Instruction 
Base  Address 


READ/WRITE 
MEMORY 


HIGi-r  LOW 

ORDER  ORDER 

BYTE  BYTE 


ARBITRARY 

MEMORY 

ADDRESSES 


t 
1 

1 
1 

1 

i 

XX 

1          XX 

f. 

xxxx 
xxxx  +  2 
xxxx  +  4 
xxxx  +  6 
xxxx  +  8 
xxxx  +  A 
xxxx  +  C 
xxxx  +  E 
xxxx  + 10 
xxxx+  12 
xxxx+"  14 
xxxx+  16 
xxxx  +  1 8 
xxxx+  1A 
xxxx+  1C 
xxxx+  1E  j 


yyyy 

VYVV  +  2 
yyyy +  4 
yyyy +  6 
yyyy +  8 
yyyy  +  A 
yyyy  +  C 
yyyy+E 

yyyy+10 

yyyy  +  12 
yyyy +14 
yyyy+  16 
yyyy+18 
yyyy  +  1A 
yyyy+  1C 

yyyy+  tE 


Previous 
General 
Purpose 
registers 


Current 
General 
Purpose 


An  implied  memory  addressing  instruction  will  specify  one  of  the  16  current  General  Purpose 
registers  as  providing  the  effective  memory  address. 

tf  you  specify  implied  memory  addressing  with  auto-increment,  then  the  contents  of  the  iden- 
tified General  Purpose  register  will  be  incremented  after  the  memory  access  has  been  performed. 
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TMS9900  Jump  instructions  use  program  relative,  direct  addressing.  These  are  one-word  instruc-  „ 
tions,  where  the  low  order  byte  of  the  instruction  object  code  provides  an  8-bit,  signed  binary 
.  value,  which  is  added  to  the  incremented  contents  of  the  Program  Counter.  This  is  straightfor- 
ward program  relative,  direct  addressing. 

The  TMS9900  provides  two  ways  to  address  an  I/O  device: 

1)  As  a  memory  location 

2)  As  a  separate  bit  field,  up  to  4,096  bits  wide. 

The  second  method  of  I/O  addressing  is  very  unusual  as  compared  to  other  microcomputers  de- 
scribed in  this  book.  Since  the  bit  field  is  accessed  via  special  control  signals,  we  will  postpone  a 
discussion  of  I/O  addressing  until  later  in  the  chapter  after  we  have  described  CPU  pins  and  sig- 
nals. 


TMS9900  STATUS  FLAGS 

The  TMS9900  CPU  has  a  16-bit  Status  register  which  may  be  illustrated  as 
follows: 


0      12      3      4      5     6 
15    14    13    12    11    10    9 


10    11    12    13    14    15 
5     4      3     2      1      0 


-TMS  9900  Bit  Number 
-Our  Bit  Number 


EM 


A  11     A   1    A   A 


C  O.    P    X 


1 1 1 1 1 1 1 1 1 1 


t 


I  Status  register 

Interrupt  mask 

•  Unused 

XOP  instruction  executed 

Parity  status 
»  Overflow  status 

Carry  status 

Equal  condition 
.  Arithmetic  Greater  Than  condition 

•  Logical  Greater  Than  condition 


The  low  order  four  bits  of  the  Status  register  represent  an  interrupt  mask  which 
identifies  the  level  of  interrupt,  if  any,  which  is  currently  enabled.  As  the  4-bit  interrupt  mask 
would  imply,  16  levels  of  interrupt  are  allowed,  We  will  describe  interrupt  processing  later  in  this 
chapter. 

The  X  status  is  set  to  1  while  an  XOP  instruction  is  being  executed   This  instruction 

allows  you  to  perform  a  software  interrupt  —  as  described  later  in  this  chapter 

The  P,  O  and  C  are  standard  Parity,  Overflow  and  Carry  statuses. 

The  Equal  status  (=)  identifies  conditions  which  will  cause  a  Branch-if-Equal  in- 
struction to  branch.  An  I/O  bit  to  be  tested  also  gets  stored  in  the  Equal  status. 

The  -Logical  Greater  Than  and  Arithmetic  Greater  Than  statuses  are  set  or  reset  following 
arithmetic  logical  or  data  move  operations  A  Logical  Greater  Than  treats  the  source  data 
as  simple,  unsigned  binary  numbers.  An  arithmetic  Greater  Than  interprets  the 
operand  as  signed  binary  numbers. 

TMS9900  CPU  PINS  AND  SIGNALS 

Figure  16-2  illustrates  the  pins  and  signals  of  the  TMS9900  CPU. 

Being  a  64-pin  DIP,  the  TMS9900  can  afford  to  have  separate  Address  and  Data  Busses 

Pins  A0  -  A14  provide  the  15-bit  Address  Bus.  Note  that  Texas  Instruments'  literature 
numbers  bits  and  pins  from  left  to  right  —  therefore  address  line  A0  represents  the  most  signifi- 
cant address  bit,  whereas  address  line  A 14  represents  the  least  significant  address  bit 
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Pin  Name 
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Type 

A0-A4 

Address  Bus 

Tristate,  Output 

D0-D15 

Data  Bus 

Tristate,  Bidirectional 

<t>1,  4>2,  $3 

,  <t>4 

Clock  Signals 

Input 

MEMEN 

Memory  Enable 

Output 
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Instruction  Fetch 

Output 

DBIN 

Data  Bus  In 

Output 

WE 

Write  Enable 

Output 

READY 

Memory  Ready 

Input 

WAIT 

Wait  State  Indicator 

Output 

CRUCLK 

I/O  Clock 

Output 

CRUOUT 

Serial  I/O  Out 

Output 

CRUIN 

Serial  I/O  In 

Input 

INTREQ 

Interrupt  Request 

Input 

ICO  -  IC3 

Interrupt  Code 

Input 

HOLD 

DMA  Request 

Input 

HOLDA 

Hold  Acknowledge 

Output 

LOAD 

Load  Interrupt 

Input 

RESET 

Reset 

Input 

vbb.  vcc.  vdd,  vss 

Power  and  Ground 

Figure  16-2    TMS9900  Signals  And  Pin  Assignments 
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DO  -  D15  provides  a  16-bit  bidirectional  Data  Bus.  Once  again.  DO  represents  the  most 
significant  data  bit. 

Remaining  signals  may  be  divided  into  bus  control.  Interrupt  control,  and  timing. 

External  logic  must  provide  four  clock  signals,  <f>1,  $2,  ^>3f  and  04. 

Any  memory  access  operation  begins  with  an  address  being  output  via  the  Address  Bus.  The 
TMS9900  CPU  identifies  a  stable  address  on  the  Address  Bus  by  outputting 
MEMEN  low. 

If  the  memory  access  operation  is  an  instruction  fetch,  then  IAQ  is  output  high. 

If  the  memory  access  is  a  read,  then  the  TMS9900  outputs  a  high  pulse  via  DBIN. 

Memory  interface  logic  must  interpret  the  high  DBIN  pulse  as  a  signal  to  place  data  on  the  Data 
Bus. 

If  the  memory  access  is  a  memory  write,  then  the  TMS9900  CPU  outputs  a  low 
pulse  via  WE.  Memory  interface  logic  must  use  the  low  We  pulse  as  a  signal  to  read  data  off 
the'  Data  Bus  and  store  it  in  the  addressed  memory  location. 

When  external  logic  cannot  respond  to  a  memory  access  in  the  available  time,  it 
requests  a  Wait  state  by  inputting  READY  high.  The  CPU  acknowledges  by  out- 
putting  WAIT  high. 

CRUCLK,  CRUIN  and  CRUOUT  are  three  signals  used  to  implement  single-bit  or 
serial  data  transfers. 

CRUOUT  is  used  to  output  bits  of  data  to  the  I/O  devices  and  CRUIN  is  used  to  retrieve  input  data 
from  the  I/O  devices,  CRUCLK  is  active  during  output  operations  only  and  defines  when  data  bits 
on  CRUOUT  are  valid. 

Let  us  now  look  at  interrupt  control  signals. 


There  is  a  single  interrupt  request  input,  INTREQ,  which  must  be  held  low  by  any 
external  device  requesting  an  interrupt.  External  devices  identify  themselves  via 
control  signals  ICO  -  IC3.Thus,  an  interrupt  request  must  be  accompanied  by  the  appropriate 
input  at  ICO  -  IC3. 

Observe  that  there  is  no  interrupt  acknowledge  signal 

For  DMA  operations,  external  logic  requests  access  to  the  System  Bus  by  input- 
ting HOLD  low.  The  CPU  acknowledges  the  Hold  request  by  outputting  HOLDA 
high. 


LOAD  is  a  nonmaskable  interrupt. 


RESET  is  a  typical  system  Reset  signal.  However,  TMS9900  Reset  logic  uses  the  device's 
interrupt  capabilities;  therefore  we  will  describe  the  Reset  operation  in  detail  when  discussing 
TMS9900  interrupt  capabilities  in  general. 

TMS9900  I/O  ADDRESSING 

As  compared  to  other  microcomputers  described  in  this  book,  the  TMS9900  exhibits  unusual  I/O 
addressing  In  addition  to  addressing  I/O  devices  as  memory  locations,  you  can  ad- 
dress a  separate  field  of  up  to  4,096  bits.  Texas  Instruments'  literature  refers  to 
this  field  as  the  "Communications  Register  Unit"  (CRU).  If  you  are  programming  a 
TMS9900  microcomputer  system  that  has  already  been  configured  by  Texas  Instruments,  then  it 
is  justifiable  to  look  upon  the  Communications  Register  Unit  as  a  form  of  I/O  port.  If  you  are  build- 
ing your  own  interface  to  a  TMS9900  CPU,  then  instructions  that  are  supposed  to  access  the 
Communications  Register  Unit,  in  reality  simply  make  alternative  use  of  the  Data  and  Address 
Busses,  in  conjunction  with  three  control  signals,  CRUCLK,  CRUIN  and  CRUOUT. 
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There  are  two  classes  of  TMS9900  CRU  instructions.  The  first  class  accesses  in- 
dividual bits  or  signals  while  the  second  class  accesses  bit  fields  that  may  range 
between  1  and  16  bits. 

There  are  three  single-bit  CRU  instructions;  they  set,  reset  or  test  the  identified  CRU  bit. 
This  is  equivalent  to  setting,  resetting  or  testing  an  external  signal,  or  single  I/O  port  bit  When  a 
bit  is  to  be  set  or  reset,  the  new  level  is  output  via  CRUOUT,  and  a  CRUCLK  pulse  indicates  that  a 
bit  is  being  output.  When  the  condition  of  a  bit  is  to  be  tested,  then  external  logic  is  required  to 
return  the  level  of  the  tested  bit  via  CRUIN 

A  CRU  bit  instruction  outputs  a  12-bit  address  which  is  computed  as  follows: 


Instruction  Object  Code 


r 


o     1 

15    14 


2      3 
13    12 


4     5     6     7      8     9     10    11    12    13    14    15 
11    10    987      6543      2      10 


Mini  ixHyivTTnnn 


General  Purpose  Register  R12 


012345678 
15    14    13    12    11    10    9    8     7 


9     10    11    12    13    14    15 
6      5     4     3     2      10 


i  i  izhizizizizizizTTrnnrr 


a 


X2L£     x     Y  Y-LJ1-II 
o  zlz 77777  z  z77 


-  Sum  becomes  effective  CRU  address 
x,  y  and  z  represent  any  binary  digits. 

Now  during  the  execution  of  a  CRU  bit  instruction,  the  address  which  is  output  is  supposed  to  be 
a  bit  address  —  that  is,  an  address  identifying  one  bit  in  a  possible  4096-bit  field  So  far  as  exter- 
nal interface  logic  is  concerned,  the  address  can  be  interpreted  in  any  way..  However,  data  output 
will  occur  via  CRUOUT  only,  while  data  input  is  restricted  to  CRUIN,  and  thence  to  the  Equal  bit  of 
the  Status  register 

There  are  two  multibit  CRU  instructions:  one  loads  data  from  tiny  addressed  CRU  bit 
field,  the  other  outputs  data  to  any  addressed  CRU  bit  field.  The  address  of  the  first  CRU  bit  is 
specified  by  Register  R12.  Subsequently,  this  CRU  bit  address  is  incremented  for  each  succeeding 
bit  access.  The  multibit  CRU  instruction  object  code  specifies  the  number  of  bits  to  be  input  or 
output,  plus  the  data  source  or  destination 

So  far  as  external  logic  is  concerned,  there  is  no  difference  between  a  single-bit  CRU  instruction 
or  a  multibit  CRU  instruction  In  either  case,  an  address  appears  on  the  Address  Bus.  CRUCLK  is 
plused  high  for  output  operations 
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When  a  muitibit  CRU  instruction  is  executed,  bits  are  right-shifted  onto  the  CRUOUT  line  during 
an  output  operation: 


15    14    13    12    11    10    9 


7      6     5     4     3     2      1 


H  MM  I  II  I  M  MM  I 


Memory  location  from  which 
data  is  output  to  CRU 

Thus  bit  0,  as  bits  are  numbered  above,  wit!  be  output  first.  Any  number  of  bits  in  the  range  1 
through  16  may  be  output  by  a  single  muitibit  CRU  instruction. 

During  an  input,  operation  serial  data  is  aiso  right-shifted  but  now  it  must  enter  via  the  high  order 
bit  Thus  the  first  bit  received  is  destined  to  become  the  low  order  bit. 

Observe  that  data  input  via  CRUiN  during  a  muitibit  CRU  instruction  finishes  up  in  a  memory  loca- 
tion —  not  in  the  ==  bit  of  the  Status  register 


MEMORY 
ADDRESS,. 


MEMORY  CONTENT 
0  15 


AREA  DEFINITION 


r 


INTERRUPT  VECTORS 


XOP  SOFTWARE  TRAP  VECTORS 


GENERAL  MEMORY  FOR 
PROGRAM,  DATA,  AND 
WORKSPACE  REGISTERS 


LOAD  SIGNAL  VECTOR 


0000 
0002 
0004 
0006 


003C 
003E 

0040 
0042 


007C 
007E 
0080 


V. 


FFFC 
FFFE 


WP  LEVEL  0  INTERRUPT 

PC  LEVEL  0  INTERRUPT 

WP  LEVEL  1  INTERRUPT 

PC  LEVEL  1  INTERRUPT 

WP  LEVEL  15  INTERRUPT 

PC  LEVEL  15  INTERRUPT 

WP  XOP  0 

PC  XOP  0 

i                                   i 

i                                   i 
1 

WP  XOP  15 


PC  XOP  15 


GENERAL  MEMORY  AREA 
MAY  BE  ANY 
COMBINATION  OF 
PROGRAM  SPACE 
OR  WORKSPACE 


WP  LOAD  FUNCTION 


PC  LOAD  FUNCTION 


Figure  16-3.  TMS9900  Memory  Map 
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THE  TMS9900  MEMORY  MAP 

Before  discussing  TMS9900  interrupt  processing,  it  is  appropriate  that  we  should 
first  look  at  the  way  in  which  the  TMS9900  requires  memory  to  be  allocated. 

Figure  16-3  illustrates  the  TMS990G  memory  map.  Observe  that  for  each  of  the  16. possible  inter- 
rupt priority  levels,  four  memory  bytes  are  set  aside  to  hold  an  initial  Workspace  register  value  and 
an  initial  Program  Counter  value 

Beyond  the  external  interrupt  vectors  a  further  32  memory  bytes  are  set  aside  to  hold  Workspace 
register  and  Program  Counter  initial  contents  for  16  software  interrupts..  Software  interrupts  are 
created  by  executing  an  XOP  instruction  The  XOP  instruction  identifies  one  of  the  16  software 
interrupts,  then  causes  the  appropriate  context  switch  to  occur. 

An  additional  interrupt  request  is  identified  in  Figure  16-3  as  the  LOAD;  its  Workspace  register 
and  Program  Counter  contents  are  stored  in  memory  locations  FFFC,  FFFD,  FFFE  and  FFFF. 
TMS9900  microcomputer  systems  manufactured  by  Texas  Instruments  connect  the  Load  inter- 
rupt to  a  front  panel  switch  which  initiates  execution  of  a  bootstrap  or  cold  start  loading  program. 
If  you  are  building  your  own  logic  around  a  TMS9900  CPU,  you  can  use  the  Load  interrupt  re- 
quest in  any  other  way  The  only  restriction  is  that  LOAD  must  be  synchronized  with  lAQ  and 
must  not  stay  active  for  more  or  less  than  one  instruction  execution  time. 

TMS9900  INTERRUPT  PROCESSING  LOGIC 

Let  us  now  look  at  the  exact  event  sequence  which  will  accompany  any 
TMS9900  interrupts. 


External  logic  capable  of  requesting  an  interrupt  will  do  so  by  inputting  a  low  signal  via.lNTREQ, 
together  with  an  interrupt  priority,  input  via  ICO  -  IC3. 

Interrupt  priorities  range  from  00002  for  highest  priority  through  11112  for  lowest  priority.  The 
00002  priority  is  reserved  for  Resets,  therefore  15  priority  levels  remain,  with  000 12  representing 
the  highest  external  priority 

If  more  than  one  external  source  is  simultaneously  requesting  an  interrupt,  then  externa!  logic 
must  make  sure  that  only  the  highest  priority's  identification  code  appears  on  the  input  signals, 
SCO  -  IC3 

Logic  within  the  TMS9900  CPU  will  acknowledge  an  interrupt  request  providing  interrupts  are 
enabled  and  no  higher  priority  interrupt  is  being  serviced  What  the  TMS9900  CPU  logic  does 
upon  acknowledging  an  interrupt  is  to  store  the  value  input  via  ICO  -  IC3  plus  1,  in  the  four  low 
order  Status  register  bits  Subsequently,  an  interrupt  will  be  acknowledged  only  if  its  priority  level 
is  equal  to  or  greater  than  the  value  stored  in  the  four  low  order  status  bits  Thus,  interrupt 
priorities  extend  over  the  entire  duration  of  the  interrupt  service  routine  and  are  not  limited  to  the 
interrupt  acknowledge  process  itself 

The  TMS9900  has  no  interrupt  acknowledge  output  control  signal.  However,  as  soon  as  an  inter- 
rupt is  acknowledged,  a  context  switch  is  executed,  during  which  the  contents  of  the  appropriate 
memory  words  are  loaded  into  the  Program  Counter  and  Workspace  register,  while  previous  Pro- 
gram Counter  and  Workspace  register  contents  are  saved  in  the  new  General  Purpose  Registers 
R13  and  R14  While  this  context  switching  occurs,  memory  addresses  in  the  range  000016 
through  003F16  are  placed  on  the  Address  Bus,  since  these  are  the  memory  locations  within 
which  Workspace  register  and  Program  Counter  values  for  interrupt  levels  are  stored.  If  you  need 
an  interrupt  acknowledge  signal,  then  you  can  create  it  by  decoding  0s  in  address  lines  A0  -  A10 
while  MEMEN  is  also  low 

The  interrupt  service  routine  for  the  acknowledged  level  of  interrupt  will  immediately  be  ex- 
ecuted You  do  not  need  to  begin  this  interrupt  service  routine  by  saving  the  contents  of  any 
registers  or  status,  since  that  is  automatically  done  for  you  during  the  context  switch.  You  should, 
however,  terminate  the  interrupt  service  routine  by  executing  a  RTWP  instruction.  This  instruction 
performs  a  reverse  context  switch  and  is  equivalent  to  a  subroutine  Return  instruction. 
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CNT 

CRUA 
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TMS9900  DMA  LOGIC 

Whereas  the  TMS9900  has  extensive  interrupt  processing  logic,  it  takes  a 
simpler  and  more  microcomputer-oriented  approach  to  direct  memory  access. 

Like  most  other  microcomputers  described  in  this  book,  there  is  a  DMA  request  signal  which 
causes  the  System  Bus  to  be  floated  while  a  DMA  acknowledge  signal  identifies  the  condition  for 
external  logic;  External  logic  must  provide  all  necessary  DMA  processing  capabilities.  All  the 
TMS9900  CPU  will  do  for  you  is  float  the  System  Bus. 

THE  TMS9900  INSTRUCTION  SET 

Table  16-1  illustrates  the  TMS9900  instruction  set. 

This  is  a  very  minicomputer-oriented  instruction  set 
The  following  symbols  are  used  in  Table  16-1: 
Arithmetic  Greater  Than  status 
Carry  status 
4-bit  count  field 

CRU  address  which  is  formed  as  described  in  text 

Destination  register  There  are  five  possible  options  for  the  destination  register  They 
are  represented  by  these  combinations  of  addressing  modes 

Workspace  Register  D 

Indirect  through  Workspace  Register  D 

If  D=0.  word  following  instruction  is  address  of  destination. 

If  D^O,  indexed  address  is  calculated  by  adding  word  following  instruction 

to  Workspace  Register  D. 

Indirect  through  Workspace  Register  D,  auto-increment 

Workspace  Register  D, 
4-bit  data  unit 
16-bit  data  unit 
8-bit  signed  displacement 
Equal  status 

The  AG  and  LG  statuses 
Logical  Greater  Than  status 
Odd  Parity  status 
Overflow  status 
Program  Counter 

Any  of  the  16  Workspace  registers 

Workspace  Register  XX.  For  example,  R15  is  Workspace  Register  15 
Source  register.  Addressing  options  identical  to  destination  register 
Status  register 
Workspace  register  pointer 


00 
01 
10 


11 


DATA4 

DATA  16 

DISP 

EQ 

G 

LG 

OP 

OV 

PC 

R 

RXX 

S 

ST 

WP 
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x<y,z>  Bits  y  through  z  of  the  quantity  x.  For  example.  ([S]  *  [R])<31.16>  represents  the 
high  order  word  of  the  product  of  the  contents  of  the  source  register  S  and  the 
Workspace  register  R. 

[  3  Contents  of  location  enclosed  within  brackets.  If  a  register  designation  is  enclosed 

within  the  brackets,  then  the  designated  register's  contents  are  specified.  If  a  memory 
address  is  enclosed  within  the  brackets,  then  the  contents  of  the  addressed  memory 
location  are  specified.. 

*  Multiplication 

/  Division 

A  Logical  AND 

V  Logical  OR 

¥"  Logical  Exclusive  OR 

—  Data  is  transferred  in  the  direction  of  the  arrow 

Under  the  heading  of  STATUSES  in  Table  16-1,  an  X  indicates  statuses  which  are  modified  in  the 
course  of  the  instruction's  execution,  if  there  is  no  X,  it  means  that  the  status  maintains  the  value 
it  had  before  the  instruction  was  executed. 
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Without  analyzing  the  instruction  set  in  great  detail  (and  that  is  beyond  the  scope  of  the  current 
discussion)  it  is  worth  noting  that  this  instruction  set  owes  its  heritage  to  previous  Texas  instru- 
ments minicomputers 

Of  all  the  microcomputers  described  in  this  book,  including  the  MicroNova  discussed  in  Chapter 
1 7,  none  has  an  instruction  set  which  will  be  as  effective  as  the  TMS9900  when  it  comes  to  writ- 
ing very  large  programs 

One  point  worth  particular  mention  is  the  fact  that  the  TMS9900  provides  elementary  multiplica- 
tion and  division  as  single  assembly  language  instructions, 

THE  BENCHMARK  PROGRAM 

For  the  TMS9900,  our  benchmark  program  may  be  illustrated  as  follows: 

BLWP  MOVE  CONTEXT  SWITCH  TO  APPROPRIATE  REGISTERS 

LOOP       MOV  <f/»IOBURR1).*R2  +      LOAD  NEXT  INPUT  BYTE  IN  NEXT  TABLE  BYTE 

DEC     .         R1  DECREMENT  "COUNT 

JNE  LOOP  RETURN  FOR  MORE 

RTWP  RETURN  FROM  SUBROUTINE 

Let  us  look  at  how  our  benchmark  program  can  collapse  to  just  five  instructions. 

We  assume  that  there  is  some  set  of  16  General  Purpose  registers  within  which  we  store  the 
word  count  and  the  address  of  the  first  free  word  in  TABLE.  We  illustrated  this  idea  when 
describing  context  switching  earlier  in  the  chapter. 

Observe  that  Register  Rl  contains  the  word  count,  and  is  therefore  used  as  an  Index  register 
while  Register  R2  addresses  the  first  free  word  in  TABLE.  Note  that  the  contents  of  Register  R2 
are  incremented  automatically  when  the  next  byte  is  loaded  into  the  table. 

The  BLWP  instruction  will  branch  to  the  program  which  performs  the  required  data  move,  but 
simultaneously  it  loads  the  Workspace  register  with  the  appropriate  initial  address.,  We  do  not 
need  to  load  any  initial  addresses  or  word  counts  into  registers,  since  we  have  adopted  the 
memory  space  where  this  data  is  stored  to  serve  as  our  General  Purpose  registers. 

After  the  move  has  been  completed,  we  do  not  have  to  update  any  counters  or  pointers, 
because  they  were  updated  "in  situ"  All  we  have  to  do  upon  completing  the  move  is  store  the 
contents  of  the  current  General  Purpose  Registers  13  and  14  to  the  Workspace  register  and  Pro- 
gram Counter. 
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The  following  notation  is  used  in  Table  16-2: 

aa  Two  bits  determining  the  addressing  mode  for  the  destination  register 

bb  Two  bits  determining  the  addressing  mode  for  the  source  register, 

cccccccc  8-bit  signed  address  displacement 

dddd  Four  bits  used  with  aa  to  determine  the  destination  register,. 

eeee  4-bit  count  field 

rrrr  Four  bits  choosing  the  Workspace  register. 

ssss  Four  bits  used  with  bb  to  determine  the  source  register 

XX  16  bits  of  immediate  data.. 

if  aa  is  102  or  bb  is  102  then  an  additional  16-bit  word  used  in  computing  the  effective  memory 
address  of  the  operand  will  follow  the  instruction; 

If  aa  is  102  and  bb  is  102  then' two  additional  16-bit  words  will  follow  the  instruction:  the  first  will 
be  used  in  computing  the  destination  address;  the  second  will  be  used  in  computing  the  source 
address. 

In  the  column  labeled  "Machine  Cycles",  two  values  may  be  given..  If  the  values  are  separated  by 
a  slash  (for  example,  8/10),  the  second  number  represents  execution  time  if  the  program  branch 
is  taken.  Two  values  separated  by -a  dash  (such  as  14-30)  indicate  that  instruction  execution  time 
depends  on  the  addressing  mode. 
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Table  16-2,  TMS9900  Instruction  Set  Object  Codes 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES* 

A 

S,D 

1010aaddddbbssss 

2 

14-30 

AB 

S,D 

1011aaddddbbssss 

2 

14-30 

ABS 

D 

000001 1101aadddd 

2 

12-20 

Al 

R,DATA16 

0000001 000 10rrrr 
XX 

4 

14 

AND! 

R.DATA16 

0000001 00  lOOrrrr 
XX 

4 

14 

B 

S 

000001 0001 bbssss 

2 

8-16 

BL 

S 

000001 1010bbssss 

2 

12-20 

BLWP 

S 

00000 10000bbssss 

2 

26-34 

C 

S,D 

1000aaddddbbssss 

2 

14-30 

CB 

S,D 

1001aaddddbbssss 

2 

14-30 

CI 

S,D 

00000010 1000rrrr 
XX 

4 

14 

CLR 

D 

000001001 laadddd 

2 

COC 

S,R 

001000rrrrbbssss 

2 

10-18 

CZC 

S,R 

OOlOOIrnrbbssss 

2 

14-22 

DEC 

D 

000001 1000aadddd 

2 

14-22 

DECT 

D 

000001 100 laadddd 

2 

10-18 

DIV 

S,R 

001111rrrrbbssss 

2 

10-18 

INC 

D 

00000101 10aadddd 

16-124 

INCT 

D 

000001011 laadddd 

2 

10-18 

INV 

D 

0000010101aaaddd 

2 

10-18 

JEQ 

DISP 

0001001 Icccccccc 

2 

10-18 

JGT 

DISP 

00010101cccccccc 

2 

8/10 

JH 

DISP 

0001 101 Icccccccc 

2 

8/10 

JHE 

DISP 

00010 100cccccccc 

2 

8/10 

JL 

DtSP 

00011010cccccccc 

2 

8/10 

JLE 

DISP 

00010010cccccccc 

2 

8/10 

JLT 

DiSP 

00010001 cccccccc 

2 

8/10 

JMP 

DISP 

OOOIOOOcccccccc 

2 

10 

JNC 

DISP 

0001011 Icccccccc 

2 

8/10 

jne' 

DISP 

000101 lOcccccccc 

2 

8/10 

JNO 

DISP 

0001 100 Icccccccc 

2 

8/10 

JOC 

DISP 

00011000cccccccc 

2 

8/10 

JOP 

DISP 

00011100ccccGccc 

2 

8/10 

LDCR 

S,CNT 

001 100eeeebbssss 

2 

22-52 

LI 

R.DATA16 

OOOOOOIOOOOOrrn- 
XX 

4 

12 

LIMI 

DATA4 

0000001100000000 
XX 

4 

16 

LWPI 

DATA16 

0000001011100000 
XX 

4 

10 

MOV 

S,D 

1 100aaddddbbssss 

2 

14-30 

MOVB 

S.D 

1101aaddddbbssss 

2 

"* 
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Table  16-2.  TMS9900  Instruction  Set  Object  Codes  (Continued) 


MACHINE 

INSTRUCTION 

OBJECT  CODE 

BYTES 

CYCLES* 

MPY 

S,R 

001110rrrrbbssss 

2 

52-60 

NEG 

D 

0000010100aadddd 

2 

12-20 

ORI 

R.DATA16 

0000001001 10rrrr 
XX 

14 

RTWP 

0000001110000000 

4 

14 

S 

S,D 

01 lOaaddddbbssss 

2 

14-30 

SB 

S,D 

0111aaddddbbssss 

2 

14-30 

SBO 

DISP 

00011 10 Icccccccc 

2 

12 

SBZ 

DISP 

00011110cccccccc 

2 

12 

SETO 

D 

000001 1100aadddd 

2 

10-18 

SLA 

R,CNT 

000010  lOeeeerrrr 

2 

14-52 

SOC 

S,D 

11 lOaaddddbbssss 

2 

14-30 

SOCB 

S,D 

1111aaddddbbssss 

2 

14-30 

SRA 

R,CNT 

OOOOIOOOeeeernr 

2 

14-52 

SRC 

R,CNT 

0000101  leeeerrrr 

2 

14-52 

SRL 

R.CNT 

00001 00  leeeerrrf 

2 

14-52 

STCR 

D,CNT 

001101eeeeaadddd 

2 

42-60 

STST 

R 

000000101  lOOrrrr 

2 

8 

STWP 

R 

0000001 010 10rrrr 

2 

8 

SWPB 

D 

000001 101 laadddd 

2 

10-18 

SZC 

S,D 

OlOOaaddddbbssss 

2 

14-30 

SZCB 

S,D 

0101aaddddbbssss 

2 

14-30 

IB 

DISP 

00011111cccccccc 

2 

12 

X 

S 

0000010010bbssss 

2 

8-16** 

XOP 

S,R 

00101  Irrnrbbssss 

2 

44-52 

XOR 

S,R 

001010nrrbbssss 

2 

14-22 

*  All  instructions  may  require  additional  cycles  if  slow  memory  is  accessed, 

**  Execution  time  is  added  to  the  execution  time  of  the  instruction  located  at  the  source  address. 
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ELECTRICAL  DATA 


The  following  section  contains  specific  electrical  and  timing  characteristics  for 
the  TMS9900  CPU. 


4.      TMS  9900  ELECTRICAL  AND  MECHANICAL  SPECIFICATIONS 

4.1      ABSOLUTE  MAXIMUM  RATINGS  OVER  OPERATING  FREE-AIR  TEMPERATURE  RANGE 
(UNLESS  OTHERWISE  NOTED)* 

Supply  voltage,  Vcc  (see  Note  1)     , -0.3  to  20  V 

Supply  voltage,  Vqd  (see  Note  1 )    .     „ _0  3  t0  2q  v 

Supply  voltage,  Vss  (see  Note  1) -0.3  to  20  V 

AH  input  voltages  (see  NotP  1) -0.3  to  20  V 

Output  voltage  (with  respect  to  Vgs) -2  V  to  7  V 

Continuous  power  dissipation 12W 

Operating  free-air  temperature  range     . 0°c  t0  jq°q 

Storage  temperature  range  .     ... . -55°C  to  150°C 

•Stresses  beyond  those  lined  under  "Absolute  Maximum  Ratings'-  may  cause  permanent  damage  to  the  device  This  is  a  stress  rating  only  and 
functional  operation  of  the  device  at  these  Of  any  other  conditions  beyond  those  indicated  in  the  "Recommended  Operating  Conditions" 
section  of  this  specification  is  not  implied.  Exposure  to  absolute-maxtmumrated  conditions  for  extended  periods  may  affect  device  reliability 

NOTE  1:  Under  absolute  maximum  ratings  voltage  values  are  with  respect  to  the  most  negative  supply.  VBB  (substrate),  unless  otherwise 
noted.  Throughout  the  remainder  of  this  section,  voltage  values  are  with  respect  to  Vgs . 

4.2      RECOMMENDED  OPERATING  CONDITIONS 


MIN 

NOM 

MAX 

UNIT 

Supply  voltage,  Vgg 

-5.25 

-5 

-4.75 

V 

Supply  voltage,  Vcc 

4.75 

5 

S.25 

V 

Supply  voltage,  Vqq 

11.4 

12 

12.6 

V 

Supply  voltage,  Vgs 

0 

V 

High-level  input  voltage,  Vj^  (all  inputs  except  clocks) 

2.4 

V 

High-level  clock  input  voltage,  V|H(0) 

VDD 

V 

Low-level  input  voltage,  Vjl  (all  inputs  except  clocks) 

0.4 

V 

Low-level  clock  input  voltage,  V||_(0) 

0.3 

V. 

Operating  f  ree-^ir  temperature,  T^ 

0 

70 

°c 

4,3      ELECTRICAL  CHARACTERISTICS  OVER  FULL  RANGE  OF  RECOMMENDED  OPERATING  CONDITIONS 
(UNLESS  OTHERWISE  NOTED) 


PARAMETER 

TEST  CONDITIONS 

MIN           TYP*        MAX 

UNIT 

f|              Input  current 

Data  bus  during  DBIN 

V,  -  VSS  to  VCC 

t75 

MA 

WE,  MEMEN,DBIN 
during  HOLDA 

V,  =  VSS  to  VCC 

t75 

Clock 

V|  =-1  V  to  13.6  V 

±75 

Any  other  inputs 

V,  =  VSS  to  VCC 

±10 

Vqh       High-level  output  voltage 

l0  =  _o,4  mA 

2.4 

V 

^OL        Low-level  output  voltage 

Iq  =  3.2  mA 

0.4 

V 

Irb         Supply  current  from  Vgg 

1 

mA 

)CC          Supply  current  from  Vcc 

125 

mA 

lDD        Supply  current  from  VDD 

30 

mA 

Input  capacitance  (any  inputs  except 
''            clock  and  data  bus} 

f=1MHz, 
unmeasured  pins  at  Vgs 

15 

pF 

Cj{0f)     Clock-1  input  capacitance 

f  =  1  MHz, 
unmeasured  pins  at  Vgg 

100 

PF 

C j {02 )     Clock-2  input  capacitance 

f  =  1  MHz, 
unmeasured  pins  at  Vss 

200 

PF 

ci(<f>3)     Clock-3  input  capacitance 

f  =  1  MHz, 
unmeasured  pins  at  Vgs 

100 

pF 

Cj(04)     Clock-4  input  capacitance 

f  =  1  MHz, 
unmeasured  pins  at  Vgs 

100 

PF 

Cqb        Data  bus  capacitance 

f  =  1  MHz, 
unmeasured  pins  at  Vgg 

25 

pF 

Output  capacitance  (any  output  except 
0           data  bus) 

f  =  1  MHz, 
unmeasured  pins  at  Vss 

15 

PF 

nominal  voltages. 
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4.4     TIMING  REQUIREMENTS  OVER  FULL  RANGE  OF  RECOMMENDED  OPERATING  CONDITIONS 
(SEE  FIGURES  12  AND  13) 


PARAMETER 

MiN           NOM         MAX 

UNIT 

tc{0)                    Clock  cycle  time 

0.333 

fS 

t,(0)                   Clock  rise  time 

12 

ns 

tf (<£)                    Clock  fall  time 

12 

ns 

tw(0)                   Pulse  width,  any  clock  high 

45 

ns 

td{0lL-02H)      Delay  time,  clock  1  low  to  clock  2  high  (time  between  clock  pulses) 

5 

ns 

tfi{<t>2L-<t>3H)      Delay  time,  clock  2  low  to  clock  3  high  (time  between  clock  pulses) 

S 

ns 

td{<&3L-04H)      Delay  time,  clock  3  low  to  clock  4  high  (time  between  clock  pulses) 

5 

ns 

*d(04L-01H)       Delay  time,  clock  4  low  to  clock  1  high  (time  between  clock  pulses) 

5 

ns 

'df^l  H-02H)      Delay  time,  clock  1  high  to  ciock  2  high  (time  between  leading  edges) 

80 

ns 

tc|(02H-03H)      Delay  time,  clock  2  high  to  clock  3  high  (time  between  leading  edges) 

80 

ns 

*d(03H-<fi4H)      Delay  time,  clock  3  high  to  clock  4  high  (time  between  leading  edges) 

80 

ns 

td(04H-<fi1  H)      Delay  time,  clock  4  high  to  clock  1  high  (time  between  leading  edges) 

80 

ns 

tsu                      Data  or  control  setup  time  before  clock  1 

40 

ns 

tn                        Data  hold  time  after  clock  1 

10 

ns 

SWITCHING  CHARACTERISTICS  OVER  FULL  RANGE  OF  RECOMMENDED  OPERATING  CONDITIONS 
(SEE  FIGURE  13) 

PARAMETER 

TEST  CONDITIONS 

MIN           TYP           MAX 

UNIT 

tPLHortPHL    Propagation  delay  time,  clocks  to  outputs 

CL  =  200  pF 

20 

ns 

>i— H  K-    -*^  l*-*f(0>' 

I     !* \         i 


n_ 


±r\ 


i 


i     i 


{♦"'dMH-olHr-H 

j-»-*f-  td{<,i4L-f.ilM) 


l^TY 


NOTE:    Aft  timing  and  voltage  levels  si 


iplias  to  02.  03,  and  04  in  the  same  manner 


FIGURE  12  -  CLOCK  TIMING 
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Chapter  17 

SINGLE  CHIP  NOVA 

MINICOMPUTER  CENTRAL 

PROCESSING  UNITS 


In  this  chapter  we  are  going  to  look  at  two  microprocessors  which  are  the  world's 
first  single  chip  reproductions  of  established  16-bit  minicomputers.  We  are  going 
to  describe  two  products  which  reproduce,  on  a  single  chip,  the  logic  of  a  Nova 
Central  Processing  Unit.  Nova  minicomputers  are  built  by  Data  General  Corpora- 
tion. 

We  will  also  explain  how  to  extend  the  9440  with  logic  that  creates  a  standard 
Nova  I/O  interface  bus  and  typical  memory  interface  logic. 

The  Nova  minicomputer  was  designed  as  a  next  generation  enhancement  of  the  PDP-8. 
The  IM6100.  which  we  have  described  in  Chapter  12,  is  a  single  chip  implementation  of 
the  PDP-8  Central  Processing  Unit 

If  you  compare  the  Nova  architectures,  which  we  describe  in  this  chapter,  with  the 
IM6100  described  in  Chapter  12,  the  two  products  will  indeed  look  very  different.  But 
conceptually  they  are  similar.  Both  the  Nova  and  the  PDP-8  Central  Processing  Units 
have  few  addressable  registers;  for  computing  power  they  rely  upon  instructions  which 
may  perform  complex  sequences  of  operations.  Similarities  between  the  Nova  and  the 
PDP-8  will  become  more  apparent  if  you  compare  these  two  devices  with  the  CP1600 
and  the  TMS9900 —  which  we  have  described  in  Chapters  15  and  16,  respectively. 

What  is  interesting  about  the  Nova  minicomputer  is  that  it  is  one  of  the  most  popular  in 
the  world;  and  Data  General  Corporation  is  the  second  largest  minicomputer  manufac- 
turer in  the  world,  despite  the  fact  that  many  aspects  of  the  Nova  Central  Processing 
Unit  may,  on  first  inspection,  appear  to  be  very  restricting. 

Neither  of  the  two  products  we  are  going  to  describe  in  this  chapter  will  be  availa- 
ble in  commercial  quantities  until  the  latter  part  of  1977.  The  two  products  are: 

1)  The  MicroNova,  manufactured  by: 

DATA  GENERAL  CORPORATION 

Mail  Stop  6-58 

Southborough,  MA  01772 

2)  The  9440,  manufactured  by: 

FAIRCHILD  SEMICONDUCTOR 

464  Ellis  Street 

Mountain  View,  CA  94040 

The  MicroNova  and  the  9440  are  not  the  same;  differences,  however,  are  small. 

The  MicroNova  is  equivalent  to  the  Nova  3  minicomputer.  The  Nova  3  is  a  low-end 
minicomputer  recently  introduced  by  Data  General.  Although  it  is  a  low-end  product,  it 
includes  a  number  of  features  not  found  in  the  basic  Nova  architecture. 
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The  9440  reproduces  basic  Nova  architecture  —  that  is,  the  lowest  common 
denominator  of  architectural  features  found  in  any  Nova  Central  Processing  Unit  As 
such,  the  9440  lacks  a  number  of  logic  features  provided  by  the  MicroNova.  The  9440, 
however,  has  higher  instruction  execution  speeds. 

Because  the  MicroNova  and  the  9440  are  very  similar,  we  are  going  to  describe  them 
together  in  this  chapter. 

The  MicroNova  is  manufactured  using  NMOS  LSI  technology.  The  9440  is  manufac- 
tured using  Isoplanar  integrated  injection  logic  (l3L)  technology. 

Both  products  are  packaped  as  40-pin  DIPs. 

The  MicroNova  requires  four  power  supplies:  -4.25V, +5V,  +10Vand+14V  The  9440 
requires  two  power  supplies:   +5V  and  +180  mA, 

Using  a  240  nanosecond  clock,  the  MicroNova  executes  instructions  in  2.4  to  10 
microseconds.Using  a  100  nanosecond  clock,  9440  instructions  will  execute  in  1  to  2.5 
microseconds. 


A  PRODUCT  OVERVIEW 

Figure  1 7-1  illustrates  that  part  of  our  general  microcomputer  system  logic  which 
has  been  implemented  by  the  MicroNova  and  the  9440. 

Note  that  only  the  MicroNova  has  a  Stack  Pointer,  and  DMA  logic. 

Most  Nova  minicomputers  do  not  have  a  Stack;  the  9440  is  a  reproduction  of  the  basic 
Kfova  architecture,  which  is  why  the  9440  lacks  a  Stack. 

The  MicroNova  and  Nova  3  do  contain  Stacks,  because  the  addition  of  the  Stack  is 
technologically  straightforward,  while  the  lack  of  a  Stack  had  been  one  of  the  most  dis- 
tressing features  of  earlier  Nova  minicomputers. 

Both  the  9440  and  the  MicroNova  have  DMA  request  and  DMA  acknowledge  signals; 
however,  in  response  to  a  DMA  request  the  9440  does  nothing  except  float  the  System 
Bus.  It  is  up  to  you  to  provide  any  and  all  external  logic  needed  to  actually  perform  a 
data  transfer  via  direct  memory  access.  The  MicroNova,  on  the  other  hand,  executes  the 
required  sequence  of  I/O  operations  to  actually  perform  the  DMA  transfer.  That  is  why 
in  Figure  17-1  DMA  logic  is  shown  as  being  present  on  the  MicroNova  but  not  the 
9440. 

What  about  I/O  ports?  I/O  ports  interface  logic  is  shown  as  absent  in  Figure  17-1. 
The  I/O  port  is  a  microcomputer  concept. 

In  any  microcomputer  configuration,  you  will  look  upon  I/O  ports  as  the  ultimate  inter- 
face between  the  microcomputer  system  and  external  logic.  You  need  a  conduit  via 
which  data  bits  or  signals  can  be  transferred  to,  or  received  from  logic  beyond  the 
microcomputer  system.  Each  conduit  becomes  an  I/O  port  and  an  I/O  port  becomes  a 
set  of  pins,  which  can  be  addressed  as  a  unit  on  a  support  device.  Minicomputers  take  a 
conceptually  different  approach  to  I/O  operations.  To  begin  with,  data  is  generally 
transferred  to  or  from  the  CPU  —  not  signals.  The  data  finishes  up  on  a  System  Bus. 
Therefore  a  minicomputer's  interface  with  the  outside  world  consists  of  an  I/O  System 
Bus  and  a  memory  System  Bus.  In  some  cases  the  two  busses  are  one;  in  other  cases, 
such  as  the  Nova  minicomputers,  these  two  are  separate  and  distinct  busses.  Concep- 
tually, what  is  important  is  the  fact  that  the  minicomputer  anticipates  transferring  data 
via  its  I/O  System  Bus  to  line  printers,  disk  units,  or  other  substantial  devices  each  of 
which  is  capable  of  having  a  significant  amount  of  local  logic.  Thus  the  System  Bus  is 
as  far  as  the  minicomputer  attempts  to  go  when  defining  its  interface  to  the  outside 
world. 
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Including  bus  interface  logic  in  Figure  17-1,  within  the  logic  of  the  Central  Pro- 
cessing Unit,  needs  some  clarification.  As  we  have  just  stated,  the  Nova  minicom- 
puter creates  two  separate  System  Busses:  one  for  memory,  the  other  for  I/O  devices. 
All  the  signals  of  these  two  busses  originate  at  card  edge  pins.  There  is  nothing  very  ex- 
pensive about  adding  more  pins  to  the  edge  of  a  card,  as  there  is  to  adding  more  pins  to 
a  DIP.  Therefore  the  Nova  System  Bus  has  47  signals.  Since  neither  the  MicroNova  nor 
the  9440  can  have  47  signals,  neither  of  these  two  devices  creates  standard  Nova 
System  Busses;  but  each  device  creates  its  own  System  Bus  which  could  be  used  to 
drive  external  logic.  That  is  why  interface  logic  is  shown  as  being  present  in  Figure 

There  is  one  further  major  difference  between  the  MicroNova  and  the  9440  which 
is  not  evident  from  Figure  17-1.  The  MicroNova  provides  transparent  dynamic 
memory  refresh  logic.  The  9440  has  no  dynamic  memory  refresh  logic. 

The  MicroNova,  but  not  the  9440,  contains  an  elementary  interval  timer 
capability.  Providing  interrupt  timer  logic  is  enabled,  the  MicroNova  will  generate  an 
interrupt  request  every  20,000  instruction  cycles.  Using  a  standard  8.333  MHz  clock, 
this  translates  to  an  interrupt  request  occurring  every  2.4  msec. 

Note  that  the  MicroNova  and  the  Nova  3  interval  timer  logic  differ  The  Nova  3  provides 
four  programmable  interval  timer  options;  the  MicroNova  provides  just  one. 

NOVA  PROGRAMMABLE  REGISTERS 

These  are  the  programmable  registers  of  the  MicroNova  and  the  9440: 


15 


VPri 


imary  Accumulator 


Stack  Pointer 
Frame  Pointer  , 


ACO 
AC1 

AC2  Accumulator  and  Index  register 
AC3  Accumulator,  Index  register  and 
Subroutine  Return  Address  register 

-  MicroNova  Only 
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Data  General  literature  numbers  registers  and  memory  words  from  left  to  right  rather 
than  as  illustrated  above,  from  right  to  left  Also  Data  General  is  one  of  the  few 
minicomputer  manufacturers  that  uses  octal  numbering.  In  order  to  remain  consistent 
with  the  rest  of  this  book,  we  will  use  hexadecimal  numbers,  and  we  will  number 
registers  from  right  to  left;  where  confusions  may  arise,  we  will  show  both  our  standard 
numbers  and  Data  General  equivalents. 

ACO  and  AC1  are  typical  primary  Accumulators.  AC2  and  AC3  may  be  used  as  Ac- 
cumulators or  as  Index  registers.  The  Jump-to-Subroutine  instruction  automat- 
ically stores  the  return  address,  in  AC3.  If  one  subroutine  is  going  to  call  another  (i  e 
you  are  nesting  subroutines),  then  the  calling  subroutine  must  save  the  contents  of 
ACS  before  itself  calling  another  subroutine. 

Only  the  MicroNova  has  a  Stack  Pointer.  The  only  instructions  that  access  the  Stack 
Pointer  are  "Push"  and  "Pop"  instructions. 
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The  MicroNova,  but  not  the  9440,  also  contains  a  Frame  Pointer  register.  The 

Frame  Pointer  register  is  an  address  buffer  used  to  access  the  Stack.  This  may  be  illustr- 
ated as  follows: 


Stack  Pointer  identifies  - 
current  top  of  Stack 


Use  Frame  Pointer 
to  hold  important 
Stack  addresses 


The  Frame  Pointer  is  a  buffer  register;  it  is  not  a  Data  Counter  There  are  no  instructions 
that  access  the  memory  location  addressed  by  the  Frame  Pointer 

Observe  that  we  show  no  programmable  registers  identified  as  Data  Counters,  even 
though  in  Figure  17-1  we  show  Data  Counter  logic  as  being  present  This  is  because 
the  Data  Counter  is  another  microcomputer  concept  —  in  effect  a  subset  of  the  Index 
register  If  a  memory  reference  instruction  specifies  direct  indexed  addressing  with  a 
zero  displacement,  then  Index  Registers  AC2  and  AC3  are  equivalent  to  Data  Counters. 

NOVA  MEMORY  ADDRESSING  MODES 

Both  the  MicroNova  and  the  9440  offer  the  following  standard  Nova  memory  ad- 
dressing modes: 

1}  Base  page,  direct  addressing 

2)  Program  relative,  paged,  direct  addressing 

3)  Indirect  addressing 

4)  Indirect  addressing  with  auto-increment 

5)  Indirect  addressing  with  auto-decrement 

6)  Direct,  indexed  addressing 

7)  Pre-indexed,  indirect  addressing 

These  addressing  modes  have  been  described  in  Volume  I,  Chapter  6. 

Nova  memory  addressing  modes  are  heavily  influenced  by  the  fact  that  every  Nova  in- 
struction generates  a  single  16-bit  object  code  — just  as  the  predecessor  PDP-8  in- 
structions each  generated  a  single  12-bit  object  code.  Even  memory  reference  instruc- 
tions are  confined  to.  16  bits  of  object  code;  therefore  the  memory  reference  instruction 
can  only  provide  a  short  address  displacement  Whereas  PDP-8  memory  reference  in- 
structions provide  a  7-bit  address  displacement  the  Nova  provides  an  8-bit  address  dis- 
placement, which  is  handled  in  a  much  more  intelligent  fashion. 

Nova  instructions  that  use  simple,  direct  addressing  treat  the  8-bit  displacements 
as  a  direct,  page  zero  address,  or  as  a  signed  binary,  program  relative  displace- 
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ment.  Thus  you  can  directly  address  the  first  256  words  of  memory,  or  you  can  address 
any  location  within  +127  to  -128  words  of  the  memory  reference  instruction  itself: 


MEMORY 

0000 
0001 
0002 
0003 

OOFE 
OOFF 
0100 

(xxxx)  + 
(xxxx)  + 
(xxxx)  + 

xxx-1 
xxxx 
xxxx  +  1 

(xxxx)  + 
(xxxx)  + 
(xxxx)  + 

/ 

1 

I 

YY  can  directly  address    / 

base  page  \ 

1 

1 

V 

/ 

FF81  (FF81  =7F 

| 

FF82  (FF82  =  7E 

1 

FF83  (FF83  =  7D) 

Dry  reference  instruction  *J 

r 

v      > 

.  Address  displacement 
equals  YY 

YY  can  be  added,  as  a      1 

*    f 

signed  binary  number,     / 

•  iyV 

to  xxxx,  to  address   \ 

program  relative  page      1 

( 

7D 

( 

7E 

I 

7F 

V 



Remember,  in  microcomputer  applications,  program  relative  direct  addressing  is  fine 
for  Jump  instructions,  but  is  of  limited  value  when  accessing  data  memory  When  a 
microcomputer  program  is  stored  in  read-only  memory,  program  relative,  direct  ad- 
dressing can  be  used  to  read  constant  data  only- 
Nova  instructions  that  specify  direct,  indexed  addressing,  compute  the  effective 
memory  address  as  the  contents  of  either  AC2  or  AC3,  plus  the  8-bit  displace- 
ment provided  by  the  instruction  object  code.  The  8-bit  displacement  is  treated  as  a 
signed  binary  number.  Since  the  Index  registers  are  16  bits  wide,  direct  indexed  ad- 
dressing allows  you  to  address  any  memory  word.  This  may  be  illustrated  as  follows: 

Accumulator  AC2  or  AC3 
15  14  13  12  11  10  9    8    7   6    5    4    3    2     1     0 


|x|x|x|x[xixlxlxlx|x|x|x|x|x|x|>xl 


Instruction  Code 


15  14  13  12  11   10   9    8    7    6     5    4    3    2     1     0 


cm 


nn 


|2|Y|Y|Y|Y|Y|Y|7| 


xxxxxxxxxxxxxxxx 

fcZ     Z     Z     Z     ZZZZYYYYYYYY 


Sum  is  the  effective  memory  address 


'  0  selects  AC2 
1  selects  AC3 
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indirect  addressing  may  be  superimposed  on  any  of  the  memo- 
ry addressing  options  described  thus  far,  indirect  addressing  is 
identified  by  a  "1"  in  bit  10  of  the  Memory  Reference  instruction's 
object  code.  When  indirect  addressing  is  specified,  the  effective 
memory  address  is  the  contents  of  the  directly  addressed  memory 
word. 

Let  us  examine  the  various  indirect  addressing  options.  First 
there  is  page  zero  indirect  addressing: 


NOVA 
DIRECT 
MEMORY 
ADDRESSING 


NOVA 
INDIRECT 
PAGE  ZERO 
ADDRESSING 


1236 

EffectiveX 

Memory     1 
Address^/ 

Arbitrary 

Memory 

MEMORY   Address 


0000 
0001 
0002 
0003 


0024 
0025 
0026  - 
0027 
/0030 


1235 
1236 
1237 
1240 


■  Page  Zero 

■  Indirect  addressing 
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In  the  illustration  above,  arbitrary,  real  memory  addresses  have  been  selected  to  make 
the  illustration  easier  to  understand. 

Program  relative,  indirect  addressing  may  be  illustrated  as  follows: 


NOVA 

INDIRECT 

PROGRAM 

RELATIVE 

ADDRESSING 


15  14  13  12  11  10   9   8     7    6    5    4    3     2    1 

n 


This  instruction 
fetched  from  this 
memory  location 
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Indirect  indexed  addressing  may  be  illustrated  as  follows: 


NOVA 
INDIRECT 
INDEXED 
ADDRESSING 


Accumulator  AC2 
15  14  13  12  11  10   9    8     7    6    5    4    3    2     1 


|olo|o|oJo|o|T|o|i|o|o|o|ih|i|i| 


Instruction  Code 

01     23456789  10  1112   13  14  15- 
|  Q  |  0  |  0  |  0  |  0  |  1  |  1  1 0  J  0  |  0  |  1  |  0  |  1|1  loTT 


Arbitrary 

Memory 

MEMORY        Address 


02BA 

02BB 

7364 

02BC 

02BD 

02BE 

Effective\ 

02BF 

Memory     1 

M 

Address^ 

7362 

7363 

7364 

7365 

7366 

7370 

The  illustration  above  arbitrarily  uses  indexed  addressing  via  Accumulator  AC2.  Also 
the  computed  effective  memory  address  is  identical  to  that  which  was  obtained  in  the 
indirect,  program  relative  addressing  illustration. 

Observe  that  Nova  indirect  addressing  logic  results  in  pre-indexed  indirect  ad- 
dressing. As  described  in  Volume  I.  Chapter  6,  this  is  less  desirable  than  post-indexed 
indirect  addressing 
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If,  and  only  if  indirect  addressing  has  been  specified  by  a  "1 "  in  bit 
10  of  a  Memory  Reference  instruction's  object  code,  then  the  con- 
tents of  the  data  fetched  from  memory  are  treated  as  a  direct  ad- 
dress, providing  the  high  order  bit  of  the  direct  address  is  0.  If  the 
high  order  bit  of  the  address  is  1,  then  the  address  is  treated  as 
another  indirect  address  pointer  This  may  be  illustrated  as  follows 


NOVA 
MULTIPLE 
INDIRECT 
ADDRESSING 


Effective,  indirect  fnemory  address 


fflTI  I  I  I  I  I  I  I  I  I  I  I  II 


I7TTTI  l.l  II  I  l  I  I  I  I  ll 


i*rn  1 1 1 1 1 1 1  n  1 1 1 1 ... 


Interpret  as.  last  memory  address 

Note  carefully  that  multilevel  indirect  addressing  will  occur  only  when  indirect  address- 
ing is  specified  in  the  first  place.  If  you  execute  a  direct  memory  reference  instruction, 
data  will  never  be  interpreted  as  an  address. 

The  Nova  indirect  addressing  logic  means  that,  given  a  16-bit  indirect  address,  only  15 
bits  actually  address  memory;  therefore  you  are  limited  to  a  32,768  word  memory  ad- 
dress space: 

15  14)3  12  1110   9    8     76543210  -"«— 'Bit  No. 
U      I      M     I     I      I     I      I     1      1     |     |     |     1    }*^*^***™*  ****** 


32,768  memory  words 


The  Nova  minicomputers  and  microcomputers  also  provide  indirect  addressing 
with  auto-increment  and  auto-decrement  addressing.  If  you  indirectly  address  one 
of  the  eight  memory  locations,  001 016  through  001 716.  then  the  contents  of  the  ad- 
dressed memory  location  are  incremented  at  the  beginning  of  the  memory  access  Thus 
you  have  indirect  addressing  with  auto-increment. 

If  you  indirectly  address  any  one  of  the  locations,  0018ie  through  OOlF-ig  then  the 
contents  of  the  addressed  memory  location  will  be  decremented  at  the  beginning  of  the 
memory  access.  Thus  you  have  indirect  addressing  with  auto-decrement 
Neither  the  MicroNova  nor  the  9440  provide  memory  mapping  logic.  Memory  map- 
ping is  a  technique  whereby  more  than  32,768  words  of  addressable  memory  may  be 
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NOVA  I/O 

DEVICE 

ADDRESSING 


accessed.  The  Nova  3  minicomputer  is  capable  of  supporting  memory  mapping  as  an 
option. 

Nova    minicomputers    have    separate    memory   and    I/O   device 

spaces.  I/O  instructions  include  six  bits  which  identify  one  of  64 

I/O  devices.  Because  Nova  minicomputers  and  microcomputers 

treat  I/O  devices  in  a  manner  that  differs  significantly  from  the 

typical  microcomputer,  we  will  defer  our  discussion  of  I/O  addressing  until  we  have 

looked  at  pins,  signals  and  System  Busses. 

NOV  A  STATUS  FLAGS 

Nova  minicomputers  contain  just  one  status  flag,  as  we  would  define  it,  and  that 
is  the  Carry  status.  Instructions  are  able  to  test  for  a  zero  or  nonzero  condition  oc- 
curring at  the  conclusion  of  an  instruction's  execution,  but  no  permanent  zero 
status  flag  exists. 

There  are  also  these  interrupt  related  status  flags: 

•  Interrupt  Enable  \ 

•  Real  Time  Clock  Enable  f 

•  Real  Time  Clock  Request  '  < 

•  Stack  Overflow  Request  ) 

The  interrupt  related  status  flags  do  not  occur  as  addressable  locations  in  any  Status 
register;  rather  they  represent  flip-flops  which  are  set  or  reset  during  the  course  of  in- 
terrupt handling 

The  interrupt  enable  bit  is  a  master  enable  which  is  set  to  1  in  order  to  enable  all  inter- 
rupts. Specific  instructions  allow  all  interrupts  to  be  enabled  or  disabled. 

The  MicroNova  has  a  Real  Time  Clock  interrupt  enable  bit  and  a  Real  Time  Clock  re- 
quest bit.  The  Real  Time  Clock  enable  bit  must  be  set  to  1  in  order  to  enable  Real  Time 
Clock  interrupts;  as  soon  as  a  Real  Time  Clock  interrupt  occurs,  the  Real  Time  Clock 
enable  bit  and  the  Real  Time  Clock  request  bit  are  reset  to  0. 

The  Stack  Overflow  request  bit  is  only  present  in  the  MicroNova,  since  only  the 
MicroNova  has  a  Stack.  A  Stack  overflow  condition  occurs  if.  following  a  push  opera- 
tion, the  incremented  contents  of  the  Stack  register  have  zeros  in  the  eight  low  order 
bits.  What  this  implies  is  that  the  Stack  must  reside  within  a  256-word  memory  page: 


MicroNova  Only 


MEMORY 

Arbitrary 
Memory 
Addresses 

0800 

0801 

0802 

,0803 

08FD 

08FE 

08FF ^ 

0900  -^^Nt 

0901  \ 

Pushes  that  increment  Stack  Pointer 
from  XXFF  to  XYOO  will  cause  a  Stack 

09FD             Overflow  interrupt 

09FE                    / 

09FF +./* 

OAOO^"^ 

0A01 

0A02 
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When  a  Stack  overflow  occurs,  the  Stack  Overflow  request  bit  is  set  to  1  and  an  inter- 
rupt is  requested. 

MICRONOVA  AND  9440  CPU  PINS  AND  SIGNALS 

As  we  stated  earlier  in  this  chapter,  minicomputer  Central  Processing  Units  are 
implemented  on  cards,  not  DIPs;  therefore  they  usually  have  System  Busses  con- 
taining more  than  40  signals.  The  standard  Nova  System  I/O  Bus  contains  47  sig- 
nals; furthermore,  the  Nova  System  Bus  is,  in  effect,  two  busses:  one  com- 
municating with  memory,  while  a  separate  and  distinct  bus  communicates  with 
I/O  devices: 


NOVA 
GPU 

MEMORY  BUS                       j 

I 

i[     I/O  BUS 

1 

f                          1 

i 

1 

' 

i 

' 

MEMORY 

I/O  DEVICES  AND 
EXTERNAL  LOGIC 

Table  1 7-1  briefly  defines  the  functions  of  bus  signals.  The  I/O  Bus  is  standard  for  all 
Nova  line  computers,  while  the  Memory  Bus  is  different  for  each  model.  We  give  the 
Memory  Bus  signals  of  the  Nova  2  in  Table  1 7-1 . 
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STANDARD  NOVA  SYSTEM  I/O  BUS 


SIGNAL 

DIRECTION 

FUNCTION  OR  INDICATION 

DS0-DS5 

To  Device 

Device  selection 

DATA0-DATA15 

Bidirectional 

Data  and  address  lines 

DATOA 

To  Device 

Data  out  to  device's  A  buffer 

DATIA 

To  Device 

Data  in  from  device's  A  buffer 

DATOB 

To  Device 

Data  out  to  device's  B  buffer 

DATIB 

To  Device 

Data  in  from  device's  B  buffer 

DATOC 

To  Device 

Data  out  to  device's  C  buffer 

DATIC 

To  Device 

Data  in  from  device's  C  buffer 

STRT 

To  Device 

Start  device  —  clear  Done  flag,  set  Busy  flag  and  clear  device's 
flip-flop 

INT  REQ 

CLR 

To  Device 

Clear  device's  Busy  and  Done  flags  and  INT  REQ  flip-flop 

IOPLS 

To  Device 

I/O  Pulse  —  user -defined  function 

SELB 

To  Processor 

Selected  device's  Busy  flag  is  set 

SELD 

To  Processor 

Selected  device's  Done  flag  is  set 

RQENB 

To  Device 

Enable  interrupt  or  DMA  requests 

INTR 

To  Processor 

Interrupt  request 

Intp 

To  Device 

Interrupt  priority 

INTA 

To  Device 

Interrupt  acknowledge 

MSKO 

To  Device 

Interrupt  mask  out 

DCHR 

To  Processor 

Data  channel  request  {DMA  request) 

DCHP 

To  Device 

Data  channel  priority 

DCHA 

To  Device 

Data  channel  acknowledge 

DCHM0,DCHM1 

To  Processor 

Data  channel  mode: 

DCHMO    DCHM1 

1              1          Data  out 

1              0          Increment  memory 

0              1          Data  in 

0             0          Add  to  memory 

DCHI 

To  Device 

Data  channel  in 

DCHO 

To  Device 

Data  channel  out 

OVFLO 

To  Device 

Overflow:  result  of  memory  increment  or  add  exceeds  FFFFU 

IORST 

To  Device 

Clear  ail  I/O  devices 

THE  NOVA  2  MEMORY  BUS 


SIGNAL 

DIRECTION 

FUNCTION  OR  INDICATION 

- 

A0-A14 

To  Memory 

Memory  address  lines 

DATA0-DATA15 

Bidirectional 

Memory  data  lines 

INHIBIT  SELECT 

To  Memory 

Inhibits  selection  of  memory  module 

BMEMEN 

To  Memory 

Starts  memory  cycle 

WRITE 

To  Memory 

Memory  write 

BRMW 

To  Memory 

Causes  pause  between  read  and  write 

WE 

To  Memory 

Enable  write  after  pause  in  read-pause-write  cycle 

SYNC  ENABLE 

To  Processor 

CPU  hold  control 

RELOAD  DISABLE 

To  Memory 

Inhibits  loading  of  memory  buffer 

WAIT 

To  CPU 

Disables  other  memory  modules  during  write  portion  of  memory  cycle 

MEM  CLOCK 

To  Memory 

Memory  Clock 

EXTERNAL  SELECT 

To  Memory 

Allows  module  to  be  selected  despite  contents  of  address  lines 

EXTERNAL  MBLD 

To  Memory 

Allows  data  to  be  stored  in  memory  buffer  without  starting  a  memory 
cycle 

Table  17-1.  Nova  System  Bus  Signals 
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if  you  are  using  the  MicroNova  or  9440  in  a  new  product  then  there  is  no  reason  why 
you  should  create  the  standard  Nova  System  Busses.  Providing  the  signals  generated 
by  the  MicroNova  or  the  9440  are  adequate  for  your  needs,  you  can  interface  externa! 
logic  directly  to  these  two  devices. 

Let  us  first  look  at  the  MicroNova  pins  and  signals,  which  are  illustrated  in  Figure 
1 7-2. 

Two  clock  signals,  $1  and  <t>2,  must  be  input  to  synchronize  all  MicroNova  logic. 
The  Memory  Bus  consists  of  a  16-bit  Address/Data  Bus,  plus       MICRONOVA 
three  control  signals:  SAE,  P  and  WE.  MEMORY  BUS 


MICRONOVA 
I/O  BUS 


The  Address/Data  Bus  connects  to  pins  MBO  -  MB15.  P  is  a  syn- 
chronization signal,  SAE  is  a  read  enable  and  WE  is  a  write  enable. 

The  I/O  Bus  consists  of  just  four  signals: 

I/O  CLOCK  synchronizes  I/O  transfers. 

I/O  DATA!  and  I/O  DATA2  are  bidirectional  data  and  control  signals 

I/O  INPUT  identifies  the  direction  of  data  transfers  occurrinq  via  I/O  DATAT  and  7/0 
DATA2. 

As  compared  to  other  microcomputers  described  in  this  book,  the  MicroNova  I/O  inter- 
face is  very  unusual.  16-bit  I/O  data  transfer  occurs  as  two  8-bit  serial  units.  This  may 
be  illustrated  as  follows: 

I/O  clock  ' 


I/O  DATA1 


I  BIT  0        BIT  1        BIT  2    |    BIT  3    |   BIT  4    |   BIT  5    |    BIT  6    |  BIT  7  / 
\BIT0   J    BIT1     |   BIT  2    |   BIT  3    |  BIT  4    |  BITS    |    BITS    [  BIT  7   / 


I/O  DATA2 


Eight  serial  bits  are  input  in  less  than  one  microsecond;  therefore  this  method  of  han- 
dling I/O  is  as  fast  as  the  parallel  data  input  operations  described  for  other  microcom- 
puters. 

Each  data  transfer  is  preceded  by  one  of  four  codes  generated  by  levels  output  via  ITS 
DATA1  and  I/O  DATA2.  These  are  the  four  codes: 


I/O  DATA! 
1 


I/O  DATA2 
1 

0 
1 


0 


INTERPRETATION 

Accompanying  I/O  low  pulse  may  be  used  to 

synchronize  interrupt  requests  and  DMA 

requests, 

DMA  request  acknowledge. 
I/O  data  transfer.  The  transfer 
direction  is  specified  by  I/O  INPUT. 
I/O  command  out 


Thus  every  I/O  operation  will  begin  with  I/O  DATA1  and  I/O  DATA2  being  output  dur- 
ing  a  low  I/O  CLOCK  pulse.  I/O  INPUT  will  be  low  at  this  time  since  data  is  being  output 
via  I/O  DATA1  and  l/Q  DATA2.  Providing  I/O  DATA!  and  I/O  DATA2  specify  a  data 
transfer  to  follow,  the  actual  data  transfer  will  occur  via  I/O  DATA1  and  I/O  DATA2  with 
I/O  INPUT  identifying  the  data  transfer  direction. 
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There  are  two  CPU  control  signals  which  are  not  part  of  either  the  Memory  Bus  or 
the  I/O  Bus. 


Vss  (GROUND) 


PIN  NAME 

DESCRIPTION 

4>1,  #2 

Clock  Signals 

MB0-MB15 

Address/Data  Bus 

P 

Memory  Synchronization 

SAE 

Memory  Read  Enable 

WE 

Memory  Write  Enable 

I/O  CLOCK 

I/O  Synchronization 

I/O  DATA1,  I/O  DATA2 

Data  and  Control 

t/O  INPUT 

Transfer  Direction 

CLAMP 

Power-On  Reset 

HALT 

CPU  Halted 

DCH  INT 

DMA  Request 

EXT  INT 

External  Interrupt  Request 

PAUSE 

Memory  Bus  Grant 

Vdo  Vdd,  Vgg,  Vcc 

Power  and  Ground 

TYPE 

Input 

Bidirectional 

Output 

Output 

Output 

Bidirectional 

Bidirectional 

Output 

Input 

Output 

Input 

Input 

Output 


Figure  17-2.  MicroNova  CPU  Signals  And  Pin  Assignments 

Following  power-up,  the  MicroNova  CPU  will  not  perform  any  operation  until  a 
high  input  occurs  at  CLAMP.  When  CLAMP  goes  high,  interrupts  are  enabled.  Real 
Time  Clock  and  Stack  Overflow  interrupt  requests  are  cleared,  and  the  CPU  is  halted. 
Once  CLAMP  has  been  input  high,  it  is  ignored  until  the  MicroNova  is  powered  down 
and  then  powered  up  again. 

The  HALT  signal  is  output  by  the  MicroNova  as  a  high  pulse  while  the  MicroNova  CPU 
has  been  halted -—either  in  response  to  execution  of  a  Halt  instruction,  or  following 
CLAMP  going  high. 

There  are  two  MicroNova  signals  associated  with  interrupt  logic.  DMA  requests 
are  made  via  DCH  INT  while  any  external  interrupt  is  requested  via  EXT  INT.  Both 
the  DMA  request  and  the  interrupt  request  must  be  synchronized  with  instruction  ex- 
ecution timing.  This  synchronization  is  provided  by  I/O  DATA1  and  I/O  DATA2,  as  we 
have  already  described.  The  DMA  acknowledge  occurs  via  I/O  DATA1  and  I/O  DATA2. 
There  is  no  external  interrupt  acknowledge  signal;  however,  such  a  signal  can  be 
derived  from  the  Memory  Bus,  as  we  will  describe  later  in  this  chapter. 
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PAUSE  is  output  low  by  the  CPU  when  devices  other  than  the  CPU  are  permitted 
to  access  memory. 

Now  look  at  9440  pins  and  signals,  which  are  illustrated  in  Figure  1 7-3. 

These  pins  and  signals  create  a  single  System  Bus.  No  attempt  is  made  to  create 
separate  Memory  and  I/O  Busses. 

You  may  connect  a  crystal  across  CP  and  XTL  in  order  to  create  a  master  clock  sig- 
nal, or  you  may  input  a  clock  signal  via  CP 


PIN  NAME 

XTL,  CP 

SYN 

GLK  OUT 

IBO  -  IB15 

M0-M2 

MBUSY 

00,01 

INTREQ 

INT  ON 

DCH  REG 

RUN 

CARRY 

C0-C3 

RESET 

l,NJ,  VCC,  GND 


DESCRIPTION 

Clock  Signals 

Synchronization  Signal 

System  Clock 

Data  /Address  Bus 

Memory  Controls 

Memory  Busy 

I/O  Control 

Interrupt  Request 

Interrupt  Enable 

DMA  Request 

CPU  Running 

Carry  Status 

Front  Panel/Console  Control  Signals 

Reset 

Power  and  Ground 


TYPE 

Input 

Output 

Output 

Bidirectional 

Output 

Input 

Output 

Input 

Output 

Input 

Output 

Output 

Input 

Input 


Figure  17-3.  9440  CPU  Signals  And  Pin  Assignments 


The  9440  generates  a  single  synchronizing  output  (SYN).  The 
CPU  clock  is  output  to  the  system  via  CLK  OUT 


9440 

SYSTEM 

BUS 


IBO  -  IB15  provides  the  9440  with  a  multiplexed  16-bit  Data 

Address  Bus.  This  bus  carries  addresses  to  memory  and  I/O 

devices,  and  it  carries  bidirectional  data  between  the  CPU  and  memory  or  I/O  devices. 

IBO-  IB15  is  low  true;  a  low  signal  level  represents  a  1  bit 

IBO  is  the  high  order  bus  line  while  IB15  is  the  low  order  bus  line.  This  agrees  with 
Nova  conventions.  This  chapter,  and  this  whole  book  describe  the  low  order  bit  as 
bit  0  —  exactly  the  inverse  of  IBO  -  IB15. 
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There  are  three  control  signals  on  the  9440  CPU -memory  interface. 

MO  is  output  low  to  identify  a  memory  read- 
Mi  is  output  low  to  identify  a  memory  write. 
M2  is  output  low  to  identify  a  memory  address  being  output. 

External  memory  interface  logic  inputs  MBUSY  low  while  it  is  responding  to  any  memo- 
ry access  MBUSY  is  equivalent  to  the  WAIT  signals  that  we  have  described  for  other 
microcomputers;  it  can  be  used  to  make  the  CPU  wait  for  slow  memory  to  respond  to  a 
CPU  access  request 

The  9440  has  two  I/O  control  signals  00  and  01.  These  two  control  signals  define  I/O 
and  memory  accesses  as  follows: 

0  Instruction  Fetch 

1  Data  Channel  Access 

0  I/O  Operation 

1  No  I/O 

There  are  two  signals  associated  with  9440  interrupt  logic. 


00  =  0 

01 

— 

00  =  0 

01 

== 

00  =  1 

01 

- 

00  =  1 

01 

= 

An  external  interrupt  is  requested  by  inputting  INTREQ  low. 

INT  ON  indicates  whether  or  not  interrupts  are  enabled.  This  signal  is  high  when  in- 
terrupts are  enabled;  if  this  signal  is  low,  interrupts  are  disabled. 

A  DMA  request  is  made  by  inputting  DCH  REQ  low.  The  DMA  request  is 
acknowledged  by  00  and  01  being  output  low  and  high,  respectively. 

There  are  six  signals  provided  by  the  9440  specifically  to  support  a  front  panel  or 
console. 

Two  of  the  front  panel  or  console  signals  are  outputs;  these  are  the  RUN  and  CAR- 
RY signals. 

RUN  is  output  high  while  the  CPU  is  executing  programs;  it  is  output  low  while  the  CPU 
is  halted.  RUN  is  used  to  generate  an  appropriate  front-pane!  display  light;  it  is  also 
equivalent  to  a  Halt  acknowledge,  as  described  in  this  book  for  many  other  microcom- 
puters. 

CARRY  represents  the  condition  of  the  Carry  status.  This  signal  is  output  specifically  to 
drive  a  front-panel  light 

Four  input  control  signals  are  provided  for  switches  on  a  front-panel.  These  signals 

are  CO,  C1,  C2  and  C3;  they  perform  the  following  operations: 

FUNCTION 

Display  ACO  contents  at  console 

Display  AC1  contents  at  console 

Display  AC2  contents  at  console 

Display  AC3  contents  at  console 

Load  Program  Counter  from  console  switches 

Display  contents  of  addressed  data  memory  word 

Not  Used 

Halt 

Deposit  switches  into  ACO 

Deposit  switches  into  AC1 

Deposit  switches  into  AC2 

Deposit  switches  into  AC3 

Load  Program  Counter  from  console  switches 

Load  data  memory  from  console  switches 

Continue/Run 

No  Operation 
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:s 

C2 

C1 

CO 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

o  - 


17-U 


1514  13  12  1110  9    8    7    6    5    4    3     2    10  —fr-Bit  No. 
j'  j"|  S  I' S  |  D |  D|  T|  T  |  T  |  H  |  H  |  C  |  G  |  L  |  K |  K  |  k\^St- Arithmetic/Logic  instruction 


«  000  No  skip 
001  Always  skip 

010  Skip  if  Carry  is  Zero 

01 1  Skip  if  Carry  is  One 

100  Skip  on  Zero  result 

101  Skip  on  nonzero  result 

1 10  Skip  on  either  Carry  or  result  zero 

1 1 1  Skip  on  Carry  and  result  both  nonzero 

0  Store  result  in  destination  Accumulator 

1  Discard  result 

•  00  Preserve  current  Carry  status 
01  Zero  Carry 

10  Set  Carry  to  1 

1 1  Complement  current  Carry 

These  operations  are  performed  on  Carry  before 
entering  the  ALU 

•  00  No  operation 

01  Left  rotate  one  bit  position 

10  Right  rotate  one  bit  position 

1 1  Swap  bytes 

These  operations  are  performed  on  the  ALU  output 

-  000  Complement 
001  Twos  Complement  (Negate) 

010  Move 

01 1  Increment 

100  Add  Complement 

101  Subtract 

110  Add 

111  AND 

}O0AC0 
01  AC1 
10AC2 


11  AC3 


Figure  17-5.  Arithmetic/Logic  Instruction  Object  Code  interpretation 

CPU  LOGIC  AND  INSTRUCTION  EXECUTION 

The  manner  in  which  the  Nova  CPU  executes  instructions  differs  markedly  from 
microcomputers  described  earlier  in  this  book.  We  will  therefore  begin  our  discus- 
sion of  CPU  operations  by  looking  at  overall  CPU  architecture. 

Our  discussion  of  Nova  CPU  logic  is  tied  to  instruction  object  code  bit  patterns;  this 
happens  to  be  the  simplest  way  of  describing  the  Nova  CPU.  We  will  look  at  instruc- 
tions from  a  programmer's  perspective  when  we  examine  the  Nova  instruction  set. 
Nova  instructions  may  be  divided  into  these  three  groups: 

1)  Arithmetic,  Boolean  and  logical  operations  which  are  essentially  internal  to  the 
CPU 

2)  Memory  reference  instructions  which  offer  a  variety  of  memory  addressing  modes 
and  very  little  else, 

3}     I/O  instructions  which  are  designed  to  allow  a  considerable  amount  of  intelligence 
in  I/O  devices. 
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Let  us  examine  each  group  of  instructions  and  associated  CPU  logic. 
ARITHMETIC/LOGIC  INSTRUCTIONS 

m^T6'  °'  ^h0™  CPU  "eS  in  the  fact  that  ma"V  l°9>°  Unctions  are  Imple- 
mented sequentially  along  a  single  data  path  through  the  CPU.  This  is  illustrated  in 
_  Figure  17-4.  This  figure  shows  how  individual  bits  of  arithmetic  and  logic  instruction 
object  codes  direct  y  identify  the  many  options  available  as  data  makes  a  single  tour 
through  the  CPU  Figure  17-5  provides  specific  arithmetic  and  logic  instruction  ob- 
ject  code  interpretations. 

Data  to  be  operated  on  is  always  fetched  from  the  Accumulators.  Results  "are  always 
returned  to  an  Accumulator.  For  two  operand  instructions,  such  as  binary  addition  the 
Destination  Accumulator  also  serves  as  the  second  Source  Accumulator  For 'one 
operand  instructions,  such  as  a  complement,  there  will  be  one  Source  Accumulator  and 
one  Destination  Accumulator;  the  same  Accumulator  may  serve  as  source  and  destina- 

As  the  source  and  destination  definitions  would  imply,  the  Nova  has  no  Secondary 
Memory  Reference  (or  Memory  Operate)  instructions  as  we  define  them;  for  example 
cSmulafcT  ^  ^  **  C°mentS  °f  a  memory  word  t0  the  contents  of  an  Ac- 

ln  addition  to  one  or  two  16-bit  data  words,  the  Carry  status  is  input  to  the  Arithmetic 
and  Boolean  logic.  You  may  input  the  Carry  status  as  is.  or  you  may  complement  it 
reset  it  to  0  or  set  it  to  1.  If  you  modify  the  Carry  status,  then  the  modified  Carry  status 
becomes  the  new  input  to  the  Arithmetic  and  Boolean  logic. 

You  may  specify  one  of  eight  Arithmetic  and  Logic  operations.  The  Move  operation 
serves  both  as  a  Move  and  a  No  Operation.  By  specifying  the  same  Accumulator  as  the 
source  and  destination  for  a  Move.  Arithmetic  and  Boolean  logic  is  bypassed.  Notice 
hat  only  one  Boolean  operation,  the  AND.  is  provided.  This  is  an  inconvenience  rather 
than  a  problem.  As  discussed  in  Volume  I.  Chapter  2.  you  can  combine  the  AND  and 
complement  operations  to  generate  an  OR  or  an  Exclusive-OR.  The  following  Nova  in- 
struction sequences  substitute  for  the  OR  and  Exclusive-OR: 
;OR  the  contents  of  ACX  with  ACY.  Leave  the  result  in  ACY 

COM  ACX.ACX  .     Complement  ACX 

AND  ACX.ACY        AND  ACX  with  ACY  Result  to  ACY 

ADC  ACX.ACY        Add  original  ACX.  Result  to  ACY 

;Exclusive-OR  ACX  with  ACY.  Leave  the  result  in  ACY. 
;ACZ  is  needed  for  temporary  data  storage 

MOV  ACY.ACZ        Save  ACY  in  ACZ 

ANDZL      ACX.ACZ        Store  twice  ACX  AND  ACY  in  ACZ 

ADD  ACX.ACY        Add  ACX  to  ACY 

SUB  ACZ.ACY         Subtract  twice  ACX  AND  ACY 

The  16-bit  output  from  the  Arithmetic  and  Boolean  logic,  together  with  the  Carrv 
status  passes  to  the  Shifter  and  Byte  Swap  logic;  here  the  1 7-bft  data  un  t  may  be  o- 
ated  left  or  right  high  and  low  order  bytes  of  the  16-bit  data  unit  may  be  swapped  or 
this  logic  may  be  bypassed.  <wbu,  ur 

Inri  thifrl 3nd  ?Ve  SwapJ°9ic  0UtPuts  ' 6  bits  of  data,  plus  the  Carry  status.  The  data 
and  the  Carry  status  may  be  tested  separately,  and  based  on  one  of  eight  identifiab  e 
conditions  the  Program  Counter  contents  may  be  incremented;  this  provides  cond 
tional  sk,p  log,c.  Figure  17-6  defines  the  eight  conditions  that  may  cause  a  skip 
Finally  you  have  the  option  of  preventing  results  from  being  stored  in  the  Destination 
Emulator.6"      6S  C°nditi°nal  '"^  '^  With°Ut  modifyin3  the  -«  of  any 


17-20 


In  summary,  the  five  operations  that  can  be  specified  by  a  single  arithmetic/logic 
instruction  may  be  illustrated  as  follows: 

© 


CARRY 

A)  Leave  as  is 

B)  Complement 

C)  Set  to  1 

D)  Reset  to  0 

© 


OPERATION 

A)  Complement 

B)  Negate 

C)  Move 

D)  Increment 

E)  Add  Complement 

F)  Subtract 

G)  Add 

H)  AND 

© 


© 


SHIFT 

A)  Shift  left 

B)  Shift  right 

C)  Swap  bytes 

D)  None  of  the  above 


SKIP 

A)  On  Carry  =  0 

B)  On  Carry  -  1 

C)  On  Result  -  0 

D)  On  Result  *  0 

E)  Either  Carry  or  Result  is  0 

F)  Neither  Carry  nor  Result  are  0 

G)  Always  skip 
H)  Do  not  skip 


© 


RESULT 

A)  Discard 

B)  To  destination 
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It  would  take  four  or  five  typicai  microprocessor  instructions  to  perform  the  same  opera- 
tions that  a  single  Nova  instruction  can  perform. 

Arithmetic/logic  instruction  options  are  specified  in  the  source  program  using  com- 
pound mnemonics.  The  mnemonics  are  created  as  follows: 


© 

A)  COM 

B)  NEG 

C)  MOV 
D}  INC 

E)  ADC 

F)  SUB 

G)  ADD 
H)  AND 


© 

A)  SZC 

B)  SNC 
0  SZR 

D)  SNR 

E)  SEZ 

F)  SBN 

G)  SKP 
H) 


OPRXYZ 


ACS.ACD,NNN 
The  numbers  (7)     (?)     0     @  and  0  and  the  letters  A).  B),  C),  D),  E),  F)   G) 

and  H)  are  keyetf  to  the  previous  illustration,  ACS  represents  "Source  Accumulator" 
while  ACD  represents  "Destination  Accumulator".  Thus  the  instruction  "set  carry  to  0 
then  add  AC1  contents  to  AC2,  shift  the  result  left  one  bit  keep  the  result  but  skip  on 
carry  set  "will  create  the  mnemonic: 

ADDZL      AC1,AC2,SNC 

All  logic  associated  with  the  execution  of  arithmetic/logic  instructions  is  provided 
by  the  MicroNova  and  the  9440  chips. 


01     2345678 
15  14  13  12  1110   9    8    7 
|z|z|Z|AlAJl|XJX|PlP|PiPip 


9  10  11    12  13  14  15 
6    5    4    3    2    1     0 


Information  Bus  line 
|P|P|Pr^- Memory  Reference  instruction 


Displacement 

00  Page  0  addressing 

01  Current  page  addressing 

10  AC2  indexed  addressing 

1 1  AC3  indexed  addressing 

0  Direct  addressing 

1  Indirect  addressing 

00  Select  ACO 

01  Select  AC1 

10  Select  AC2 

1 1  Select  AC3 

001  Load  selected  Accumulator  from  memory 
010  Store  selected  Accumulator  contents 
in  memory 


Figure  17-6    Load  And  Store  instruction  Object  Codes 
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012345678    9    10  1112  13  14  15-*- 
15  14  13  12  11  10  9    8    7    6    5    4    3    2    1     0  —*- 


GEE 


x1x1d|d|d1d|d|d1dTd| 


■  information  Bus  line 

•  Bit  No. 

—Jump  and  Modify  Memory  instruction 


■Displacement 
•00  Page  0  addressing 
01  Current  page  addressing 

10  AC2  indexed  addressing 

1 1  AC3  indexed  addressing 
— 0  Direct  addressing 

I  Indirect  addressing 

—•00  Jump 
01  Jump  to  subroutine 
10  Increment  memory  and  skip  if  zero 

I I  Decrement  memory  and  skip  if  zero 


Figure  17-7.  Jump  And  Modify  Memory  instruction  Object  Codes 


0    1     2    3    4    5    6    7    8    9  10  11  12  13  14   15* 
15  14  13  12  1110   9    8     7    6    5    4    3    2     1     0  ' 

|Q|i|i|a|a|t|t|t|c|c1v|v|v|v|v|v| 


-information  Bus  line 

-Bit  No. 

-input/Output  instruction 


I/O  device 
000000  Not  Used 
000001 

111111 


CPU  instructions 


''  00  No  operation 

01  Clear  Done  and  set  Busy  to  start  device 

10  Clear  Done  and  Busy  to  idle  device 

1 1  Pulse  I/O  control  line 
------—-——-—-—-"— —--•  000  No  I/O  operation 

001  Input  data  from  A 

010  Output  data  to  A 

011  input  data  from  B 

100  Output  data  to  B 

101  Input  data  from  C 

1 10  Output  data  to  C 

111  Skip  (see  Figures  17-9  and  17-10) 
„„_„. Source/Destination  register 

00AC0 
01  AC1 
10AC2 
1 1  AC3 

Figure  17-8.  General  Input/Output  Instruction  Object  Code  Interpretation 
MEMORY  REFERENCE  INSTRUCTIONS 

Since  the  four  Accumulators  of  the  Nova  CPU  must  provide  data  sources  and 
destinations  for  all  arithmetic  and  logic  instructions,  you  will  constantly  move 
data  between  memory  and  one  of  the  four  Accumulators.  We  have  already  de- 
scribed the  Nova  addressing  modes  Figure  17-6  illustrates  memory  reference  in- 
struction object  codes  and  addressing  mode  specifications.  You  can  load  data  into 
any  Accumulator,  or  you  can  store  the  contents  of  any  Accumulator  in  memory. 
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There  are  four  Jump  and  Modify  Memory  instructions.  Object  codes  are  given  in 
Figure  17-7.  The  memory  addressing  options  described  earlier  in  the  chapter  apply 
also  to  the  Jump  and  Modify  Memory  instructions. 

The  Jump-to-Subroutine  instruction  requires  special  mention;  this  instruction  stores 
the  subroutine  return  address  in  Accumulator  AC3.  If  you  are  going  to  nest 
subroutines  then  you  must  write  your  own  subroutine  to  create  a  software  stack. 
Note  that  even  the  MicroNova,  which  has  a  stack,  does  not  use  it  when  a  Jump-to- 
Subroutine  instruction  is  executed. 

MicroNova  and  9440  chips  provide  all  effective  memory  address  computation 
logic  and  reduce  memory  reference  instructions,  as  external  logic  sees  them,  to 
typical  address  and  data  transmissions  with  accompanying  control  strobe  signals. 

But  remember,  there  is  no  such  thing  as  a  "standard"  Nova  memory  bus. 
INPUT/OUTPUT  INSTRUCTIONS 

Figure  1 7-8  illustrates  input/output  instruction  object  code  interpretations. 
Every  I/O  device  that  communicates  with  a  Nova  minicom- 
puter must  have  a  Busy  status  and  Done  status.  These  are 
bidirectional  statuses;  they  are  modified  by  the  CPU  to  control 
the  I/O  device  and  they  are  modified  by  the  I/O  device  to  indi- 
cate the  status  of  the  I/O  operation.  This  is  how  the  Busy  and 
Done  statuses  are  interpreted: 


NOVA  I/O 
DEVICE 
BUSY  AND 
DONE  STATUS 


BUSY 

DONE 

0 

0 

1 

0 

0 

1 

1 


1 


Device  Idle 

CPU  "starts"  device  by  setting  Busy  to  1. 

Device  resets  Busy  to  0  and  sets  Done  to 

1  when  device  operation  is  complete. 

CPU  resets  Done  to  idle  device,  or  sets 

Busy  for  next  device  operation. 

Illegal 


0    12    3    4    5    6    7    8    9   10  111213  14)5- 
15  14  13)2  1110  9    8    7    6    5    4    3    2     10- 

|OMMlo|o|i|i|i|c|c|v|v|v|v|v|y| 


■  Information  Bus  tine 

■  Bit  No. 

-  Input/Output  Skip  instruction 


I/O  device 

000000  Not  Used 

000001  Not  Used 
111111  CPU  Skip  instruction  {see  Figure  1 7- 10). 

—— ■—---■— «-  00  Skip  if  Busy  is  One 
01  Skip  if  Busy  is  Zero 

10  Skip  if  Done  is  One 

1 1  Skip  if  Done  is  Zero 

Figure  17-9,  Input/Output  Skip  Instruction  Object  Code  Interpretation 

You  start  and  stop  I/O  devices  by  manipulating  device  Busy  and  Done  statuses 
Every  I/O  device  may  optionally  have  up  to  three  individually      NOVA 
addressable  registers,  referred  to  as  Registers  A,  B  and  C.  I/O  DEVICE 

You  transfer  data  between  one  of  the  four  CPU  Accumulators  and       REGISTERS 
one  of  the  three  I/O  device  registers. 
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0  1  2  3  4  .5  6  7  8  9  10  11  12  13  14  15- 

15  14  13  12  11  10  9  8  7  6  5  4  3  2  10- 

Io|i|.Ma|t|t|t|c|c|,H,|,Hi|- 


■  Information  Bus  line 

■  Bit  No. 

■  CPU  t/O  instruction 


—————— ———-—-——--««--.—'  00  No  operation 

01  Enable  interrupts 

10  Disable  interrupts 

1 1  No  operation 
— ^— — — -—-—-—-———  000  No  operation 

001  Read  Console  switches 

010  No  operation 

01 1  Acknowledge  interrupt 

100  Output  interrupt  mask 

101  Clear  I/O  devices 

110  Halt 

1 11  Skip  as  follows: 

00  Skip  if  interrupt  request  true 

01  Skip  if  interrupt  request  false 

10  Skip  if  power  fail  flag  is  1 

1 1  Skip  if  power  fail  flag  is  0 
.————-—----«—«--—-—---—  Source  or  Destination  Accumulator 

00AC0 
01  AC1 
10AC2 
11  AC3 

Figure  17-10.   CPU  Device  3F-\q  Input/Output  Instruction 
Object  Code  Interpretation 

Both  a  status  manipulation  and  a  data  transfer  may  be  specified  by  a  single  I/O  instruc- 
tion; these  two  operations  occur  in  parallel  and  are  supported  by  appropriate  control 
signals  on  the  I/O  bus. 

The  Nova  CPU  must  be  able  to  poll  the  Busy  and  Done  statuses  of  an  I/O  device,  just  as 
most  microprocessors  read  the  contents  of  an  I/O  device  Status  register.  The  Nova  CPU 
responds  to  status  condition  tests  by  optionally  performing  a  Skip  (which  means  the 
Program  Counter  contents  are  incremented).  This  variation  of  I/O  instructions  is  il- 
lustrated in  Figure  17-9. 

Six  bits  of  every  I/O  instruction  object  code  are  used  to  iden- 
tify the  I/O  device  being  addressed.  This  gives  you  a  total  of 
64  devices  in  the  I/O  device  address  space.  But  in  order  to 
enhance  its  instruction  set.  the  Nova  uses  selected  I/O  device 
numbers  to  encode  instructions  internal  to  the  CPU  I/O  device 
numbers  0,  1  and  3F-J6  are  reserved  for  this  purpose.  I/O  device  3F-J6  selects  a  num- 
ber of  interrupt  related  instructions  whose  object  codes  are  defined  in  Figure 
7-10.  I/O  device  numbers  0  and  1  implement  instructions  illustrated  in  Figure 
17-11. 

You  will  have  to  add  considerable  logic  beyond  the  9440,  or  the  MicroNova,  if  you 
are  going  to  execute  all  I/O  instructions  described  in  Figures  17-8,  17-9,  17-10 
and  17-11.  The  only  logic  provided  by  the  CPU  chips  themselves  support  that  part  of 
the  I/O  operation  which  is  exclusively  internal  to  the  CPU  —and  that  is  not  much  The 
CPU  will  route  data  to  or  from  the  selected  Accumulator,  if  needed,  and  it  will  incre- 
ment the  Program  Counter  in  response  to  a  Skip  true  condition.  Everything  else  is  the 
responsibility  of  logic  beyond  the  CPU  chip 


NOVA  I/O 
DEVICE 
ADDRESS 
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0     1     2     3    4     5     6     7     8    9    10  1112  13   14  15  -*-  Information  Bus  line 
15  14)3  12  1110   9    8    7    6    5    4    3    2     10  -«*-  Bit  No.     . 
|0|l  |l  |xlXlX|X|XlX|x|0|0|0|0f7|Tl-«g-CPUi/Q  instruction 


-  1011001  Divide 
1011011  Multiply 
00101 10  Return 
0010100  Save 
YYOOOOO  Move  to  Frame  Pointer       \  MicroNova 
YY00010  Move  from  Frame  Pointer   /   only 
YY01000  Move  to  Stack  Pointer 
YY01010  Move  from  Stack  Pointer 
YY01 100  Push  Accumulator 
YY01 110  Pop  Accumulator 


Accumulator  specification 

00AC0 

01  AC1 

10AC2 

1 1  AC3 


Figure  17-11.  CPU  Device  1  Input/Output  Instruction  Object  Code  Interpretation 

A  NOVA  CPU  SUMMARY 

If  you  compare  Nova  CPU  logic  with  microprocessors  described  earlier  in  this 
book,  a  number  of  minicomputer  characteristics  become  self-evident.  These 
characteristics  have  important  implications  when  we  look  at  bus  signals,  inter- 
faces  and  timing;  therefore  they  must  be  clearly  defined. 

Minicomputer  Central  Processing  Units  are  more  complex  than  their  microprocessor 
counterparts.  Look  at  the  number  of  operations  which  may  be  performed  during  execu- 
tion of  a  single  Nova  instruction;  only  the  SMS300  makes  any  attempt  to  provide  such 
serial  logic.  The  microprocessor  CPU  architect  has  been  severely  restricted  by  the  fact 
that  only  a  limited  amount  of  logic  can  be  put  on  a  chip  without  drastically  affecting 
chip  yield  —  and  therefore  the  price  of  the  microprocessor.  When  minicomputers  were 
designed,  making  CPU  logic  more  complex  increased  the  size  of  the  CPU  card,  or  cards, 
which  had  some  effect  on  eventual  product  price,  but  nothing  like  the  microprocessor 
price  escalations  that  result  from  low  chip  yields 

Thus  unconstrained  by  logic  limitations,  minicomputer  CPU  architects  also  designed 
complex  system  busses,  requiring  equivalent^  complex  logic  within  I/O  devices  at- 
tached to  the  system  busses  For  example,  consider  the  fact  that  Figure  17-5  defines 
32,768  different  Register-Register  Operate  instructions,  while  the  instruction  format  in 
Figure  1  7-8  assumes  an  I/O  System  Bus  that  can  simultaneously  manipulate  I/O  device 
status  while  transferring  data- 

These  are  formidable  burdens  placed  on  the  designer  of  a  chip  which  is  supposed  to 
reproduce  the  Nova  CPU —  with  the  result  that  chip  designers  have  elected  to  tackle 
only  part  of  the  task  Both  the  MicroNova  and  the  9440  terminate  at  40-pin  DIPs;  their 
busses  are,  in  consequence,  less  than  the  standard  Nova  System  Busses 


17-26 


9440  TIMING  AND  INSTRUCTION  EXECUTION 


We  will  now  examine  9440  instruction  tinning  in  detail. 

9440  instructions  and  internal  logic  are  timed  by  a  master  10  MHz  clock  signal.  In- 
structions are  executed  in  machine  cycles.  This  is  the  number  of  clock  periods  per 
machine  cycle: 

Memory  read/instruction  fetch  -  15  clock  periods  J  Depends  on  actual 

Memory  write  -  14  clock  periods  J  memory  timing 

I/O  data  in  -  10  clock  periods 

I/O  data  out  -  10  clock  periods 

Let  us  begin  by  looking  at  timing  for  an  instruction  fetch  or  a       9440 
memory  read;  these  two  machine  cycles  have  the  timing  il-       INSTRUCTION 
lustrated  in  Figure  17-12.  FETCH 


At  the  end  of  clock  period  2,  the  three  memory  control  signals  MO, 
M1  and  M2  are  output  with  levels  that  identify  the  memory  access 
which  will  be  performed  during  the  current  machine  cycle.  For  a 
memory  read  or  instruction  fetch,  MO  and  M2  are  output  low  while 
M1  remains  high. 


9440 

MEMORY 

READ 


|       i       I       I       l       i       i       i       i       I       '       >       t       I       |       i 

Figure  17-12.  9440  Memory  Read/Instruction  Fetch  Timing 
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An  instruction  fetch  and  a  memory  read  are  differentiated  by  signals  00  and  01 ,  these 
signals  are  both  low  for  an  instruction  fetch  and  both  high  for  a  memory  read^  The  ad- 
dles _of_the  memory  location  to  be  accessed  is -output  on  the  Information  Bus 
(IBO  -  IB15)  beginning  at  the  end  of  clock  period  8  At  the  end  of  clock  period  9  SYN  is 
output  low;  external  logic  must  use  the  high-to-low  transition  of  SYN  as  a  strobe  to 
latch  an  address  off  the  Information  Bus.  External  logic  must  also  use  the  high-to-low 
transition  of  SYN  as  a  trigger  to  input  MBUSY  low  to  the  9440,  MBUSY  must  be  input 
low  until  addressed  data  has  been  read  from  memory  and  is  stable  on  the  Information 
Bus  At  that  time  MBUSY  goes  high  again  When  MBUSY  goes  high,  the  9440  will  read 
data  off  the  Information  Bus.  If  the  Memory  Read  machine  cycle  is  to  execute  in  the 
minimum  15  clock  periods,  then  MBUSY  must  be  low  for  two  clock  periods  only, 

MBUSY  is  a  signal  used  by  external  memory  interface  logic  to  synchronize  itself  with 
the  CPU  If  MBUSY  is  low  while  SYN  is  high,  early  in  any  memory  access  machine  cy- 
cle, then  the  high-to-fow  transition  of  SYN  will  be  delayed  until  MBUSY  goes  high.  For  a 
Memory  Read  or  Instruction  Fetch  machine  cycle,  the  trailing  edge  of  the  low  MBUSY 
pulse  also  acts  as  an  end-of-machine-cyele  trigger  Three  clock  periods  after  MBUSY's 
low-to-high  transition,  the  machine  cycle  ends  and  SYN  goeshigh  again  Here  is  an  ex- 
ample of  MBUSY  and  SYN  interaction  during  termination  of  a  Memory  Read  or  Instruc- 
tion Fetch  machine  cycle: 


n^v-^ 


_       i   7 

MBUSY  I  IL. 


MBUSY  and  SYN  interaction  at  the  high-to-low  SYN  transition  may  be  illustrated  as 
follows: 

N  is  greater  than  9 
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Every  instruction's  execution  will  begin  with  an  instruction  fetch  machine  cycle. 
This  machine  cycle  will  be  followed  by  internal  operations,  another  memory  read, 
a  memory  write,  an  I/O  read,  or  an  I/O  write. 

If   the   instruction   to   be   executed   requires   operations   only,    that   is.    it   is   an 

arithmetic/logic  instruction,  then  internal  operations  are  executed  during  clock 
periods  1  through  8  of  the  next  machine  cycle  —  which  must  be  another  instruction 

fetch  machine  cycle 

If  a  memory  read  operation  is  to  be  performed,  then  another  machine  cycle  is  ex- 
ecuted, exactly  equivalent  to  Figure  17-12 

If  a  memory  write  is  to  be  performed,  then  two  machine  cycles  must  follow  the  in- 
struction fetch.  During  the  first  machine  cycle  the  external  memory  address  is  output 
During  the  second  machine  cycle  data  to  be  written  to  memory  is  output  Timing  is  il- 
lustrated in  Figure  1 7-13.  This  figure  is  self-evident  During  the  first  machine  cycle  only 
M'2  is  low  since  a  memory  address  is  being  output  without  a  read  or  a  write  operation 
occurring  during  the  same  machine  cycle  During  the  second  machine  cycle  only  MT  is 
output  low  since  a  memory  write  operation  alone  will  occur 


During  both  machine  cycles  of  a  Memory  Write  operation,  MBUSY  acts  as  a  synchroniz- 
ing signal,  however  only  the  high-to-low  transition  of  MBUSY  can  modify  instruction 
execution  time  If  MBUSY  is  low  prior  to  SYN  making  its  hiqh-to-low  transition,  then  the 
SYN  high-to-low  transition  will  be  delayed  until  MBUSY  goes  high  Once  SYN  goes  low, 
however,  the  memory-write  machine  cycles  will  terminate  five  clock  periods  later.  The 
subsequent  low-to-high. transition  of  MBUSY  has  no  effect  on  the  SYN  signal,  or  on  in- 
ternal CPU  operations 

The  only  memory  addressing  modes  that  change  instruction  execution  time  are  in- 
direct addressing  and  indirect  addressing  with  auto-increment  or  auto-decrement. 

Each  level  of  indirect  addressing  is  equivalent  to  an  additional  memory  read  and  an  ad- 
ditional memory  write.  In  order  to  compute  instruction  execution  times  for  memory 
references  with  indirect  addressing,  therefore,  add  one  memory  read  machine  cycle 
and  one  memory  write  machine  cycle  for  each  level  of  indirection 

Recall  that  memory,  locations  10] q  through  )P]Q  are  used  to  store  addresses  which, 
when  accessed  indirectly,  will  be  incremented  or  decremented  When  you  use  indirect 
addressing  and  specify  a  memory  location  from  ]0]q  through  17] 5,  the  address 
fetched  from  the  specified  location  will  be  incremented  An  indirect  address  fetched 
from  locations  18iq  through  1 F1  e  wi'l  be  decremented.  The  increment  or  decrement 
operation  requires  the  memory  address  to  be  loaded  into  the  CPU,  incremented  or 
decremented,  then  written  back  out  Loading  the  address  into  the  CPU  is  a  routine  part 
of  any  indirect  addressing  sequence;  however,  writing  the  address  back  out  represents 
an  additional  step  requiring  two  additional  memory  write  machine  cycles.  This  may  be 
illustrated  as  follows: 


Machine  Cycle  1 

Instruction 

fetch 


Machine  Cycle  2 

Fetch  address 

from  location 

1016 -  1F16 


Machine  Cycle  3 

Increment  or 

decrement 

address  and 

write  address 

back 


Machine  Cycle  4 

Perform  memory 

access 

(read  or  write) 


Memory  Write 
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The  increment  or  decrement  and  Skip-if-Zero  instructions  require  an  instruction 
fetch,  a  memory  read  and  a  memory  write  machine  cycle.  Timing  may  be  illustrated 
for  direct  memory  addressing  as  follows: 


Machine  Cycle  1 

Instruction 

fetch 


Machine  Cycle  2 

Fetch  data 

from  memory 


Machine  Cycle  3 
Increment  or 

decrement  data 
and  write 
data  back 


Machine  Cycle  4 
Increment 

Program  Counter 
if  needed 


Memory  Write 

Let  us  now  look  at  I/O  instruction  execution. 

There  are  no  special  I/O  device  select  or  control  signals  output  by  the  9440,  rather 
external  I/O  devices  must  have  select  logic  which  is  created  by  decoding  instruc- 
tion object  codes  on  the  Information  Bus.  This  is  done  by  decoding  the  three  high 
order  Information  Bus  lines  during  an  instruction  fetch,  as  characterized  by  00  and  01 
both  low,  The  three  high  order  Information  Bus  lines  will  at  this  time  be  01 1  if  the  in- 
struction to  be  executed  is  an  I/O  instruction  If  these  conditions  are  met,  then  the  six 
low  order  Information  Bus  lines  must  be  decoded  by  device  select  logic.  If  the  device 
code  is  3F-J6,  then  all  I/O  devices  must  be  selected  simultaneously,  for  this  to  occur  a 
special  overriding  device  select  signal  must  be  created  in  response  to  device-code  3F  If 
device  code  OO15  occurs,  then  no  device  should  be  selected,  this  requires  no  special 
select  logic,  rather  it  means  that  no  external  device  should  have  the  address  00-|6  If 
any  device  code  other  than  00^  q,  or  3F-]  q  appears  on  the  six  low  order  Information  Bus 
lines,  then  one  external  device's  select  logic  should  go  true. 

An  actual  example  of  I/O  device  logic  is  given  later  in  this  chapter. 

If  device  code  3F-jq  has  been  output,  then  one  of  the  operations  defined  by  Figure 
17-10  is  about  to  occur  A  significant  amount  of  external  logic  associated  with  execu- 
tion of  these  instructions  may  be  required  A  specific  implementation  consistent  with 
standard  Nova  1200  I/O  interface  logic  is  given  later  in  this  chapter  Alternatively,  you 
may  create  a  variety  of  individual  control  signals  unrelated  to  the  standard  Nova  I/O  bus 
by  suitably  decoding  I/O  instruction  object  code  bits  10  through  6 

An  I/O  instruction  which  identifies  a  specific  device  further  identifies  the  I/O  operations 
which  are  to  occuj^via  bits  1 0  through  6  of  the  instruction  object  code  (Information  Bus 
lines  IB5  through  IB9).  Figures  17-8  and  17-9  provide  the  I/O  operations  which  may  be 
specified  If  data  is  to  be  input  or  output,  then  timing  will  conform  to  Figures  17-14 
and  17-15.  But  a  significant  amount  of  parallel  control  logic  will  accompany  any  I/O 
data  transfer.  We  will  shortly  describe  logic  which  implements  a  typical  I/O  device  in- 
terface 

An  I/O  Skip  on  Busy  or  Done  instruction,  as  illustrated  in  Figure  17-9,  requires  the  ad- 
dressed I/O  device  to  return  Busy  and  Done  statuses  to  the  CPU.  The  addressed  I/O 
device  returns  these  statuses  on  the  two  high  order  Information  Bus  lines  IB0  and  IB1, 
with  timing  conforming  to  Figure  17-14. 
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Figure  17-14.  9440  I/O  Data  Input  Timing 


Figure  17-15.   9440  I/O  Data  Output  Timing 


MICRONOVA  AND  9440  INTERRUPT  PROCESSING 


At  the  most  elementary  level,  the  Micro  Nova  and  the  9440  respond  to  interrupts 
in  a  very  simple  way. 


External  logic  requests  an  interrupt  by  inputting  a  low  signal  via  INTREQ, 

Providing  interrupts  are  enabled,  the  CPU  acknowledges  the  interrupt  upon  com- 
pleting execution  of  the  current  instruction;  the  CPU  disables  its  own  interrupt 
logic,  saves  the  Program  Counter  contents  in  memory  location  0000,  then  jumps 
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indirect  to  location  0001 .  Thus  memory  location  0001  must  contain  the  address  of  the 

first  interrupt  service  routine  instruction, 


Return  address  following  interrupt  service 
Starting  address  for  interrupt  service  routine 


Interrupt  acknowledged  here 
This  instruction  will  be  executed 
following  interrupt  service 


Interrupt  service  routine  starts  here 


xxxx  +  1 

WW 

0000 
0001 
0002 
0003 
0004 
0005 


xxxx-1 
xxxx 
xxxx  +  1 
xxxx  +  2 
xxxx  +  3 


yyyy-1 
WW 
yyyy  +  1 

yyyy  +  2 


A  single  interrupt  service  routine  will  be  executed  in  response  to  any  external  in- 
terrupt. In  order  to  discriminate  between  interrupts,  the  interrupt  service  routine  must 
identify  the  source  of  the  interrupt  then  jump  to  an  appropriate  individual  program. 
This  may  be  illustrated  as  follows; 
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17-33 


There  will  be  a  separate  device  interrupt  service  routine  for  every  I/O  device  capable  of 
representing  an  interrupt. 

There  are  many  ways  in  which  the  initial  interrupt  service  routine  may  identify  the 
interrupting  I/O  device  in   a  multiple  interrupt  configuration. 

The  most  primitive  method  used  to  identify  an  interrupting  I/O  device  is  to  test  the 

device's  Done  status.  Standard  Nova  protocol  requires  an  I/O  device  to  request  an  in- 
terrupt when  it  sets  its  Done  status.  This  may  be  illustrated  as  follows; 

Interrupt 

Request  Busy  Done 

False            0  0       Device  idle 

False            1  0       Start  I/O  operation 

True             0  1        End  I/O  operation 

Prmnitiye  I/O  device  interface  logic  will  .request  an  interrupt  by  applying  a  low  signal  at 
INTREQ  when  it  sets  its  Done  status  high  Now  the  initial  interrupt  service  routine  will 
execute  a  sequence  of  "Skip  on  Done  False"  instructions  in  order  to  identify  the  highest 
priority  interrupting  device.  This  may  be  illustrated  as  follows: 


Jump  to  Device  1 
Interrupt  routine 


Jump  to  Device  2 
Interrupt  routine 


The  order  in  which  the  initial  interrupt  service  routine  program  logic  tests  device  Done 
statuses  becomes  interrupt  priority  You  can  modify  this  priority  sequence  at  any  time 
simply  by  changing  the  program 


17-34 


A  faster  method  of  identifying  an  interrupting  device  is  to  daisy  chain  the  inter- 
rupting devices.  Daisy  chain  logic  has  been  described  in  Volume  I,  and  again  in 
Chapter  6  of  this  book  {in  conjunction  with  the  8048)  Daisy  chains  are  resolved  by  an 
interrupt  acknowledge  signal;  but  there  is  no  interrupt  acknowledge  signal  output  by 
the  MicroNova  or  the  9440;  rather  an  interrupt  acknowledge  instruction  is  executed. 
This  is  an  I/O  instruction  addressing  device  3F-J6;  bits  10  through  6  (IB5  through  IB9)  of 
the  instruction  object  code  must  be  decoded  in  order  to  create  an  interrupt 
acknowledge  signal  Here  is  appropriate  logic: 


Recall  that  the  Information  Bus  is  low  true,  that  is,  a  low  logic  level  represents  a  bit 
value  of  1 .  To  ensure  that  INTA  is  generated  only  when  a  valid  instruction  code  is  on  the 
Information  Bus.  it  should  be  qualified  by  SYN  low  and  MBUSY  high  This  is  illustrated 
in  Figure  17-16. 

The  highest  priority  interrupting  device  identifies  itself  by  placing  its  device  code  on 
the  Information  Bus  lines.  The  CPU  stores  the  device  number  in  one  of  the  four  Ac- 
cumulators. Thus  the  interrupt  acknowledge  instruction  is  an  I/O  Data  In  instruction.  In- 
terrupt acknowledge  timing  is  illustrated  in  Figure  17-16 

Interrupt  enable  and  disable  logic  exists  separately  at  the  CPU  and  at  external  I/O 
devices. 

At  the  CPU  all  interrupts  are  disabled  as  soon  as  an  interrupt  is  detected  You  can  disa- 
ble interrupts  at  any  other  time  by  executing  a  disable  interrupt  instruction  (NIOC  CPU) 

In  order  to  enable  interrupts  you  must  execute  an  interrupt  enable  instruction  (NIOS 
CPU);  when  an  NIOS  CPU  instruction  is  executed,  interrupts  are  enabled  following  ex- 
ecution of  the  next  instruction  This  next  instruction  will  usually  be  a  Return  instruc- 
tion: 


NIOS  CPU  ;Enable  interrupts 

JMP  @0  ; Return  from  interrupt  service  routine 

interrupts  are  now  enabled 

When  nested  interrupts  are  not  allowed,  all  interrupts  are  disabled  following  the  inter- 
rupt detection;  interrupts  remain  disabled  until  the  end  of  the  interrupt  service  routine 
You  terminate  the  interrupt  service  routine  with  the  two  instructions  illustrated  above; 
one  re-enables  interrupts,  the  other  returns  from  the  interrupt  service  routine  Interrupts 
are  not  actually  re-enabled  until  after  the  Return  instruction  has  been  executed,  this 
prevents  pending  interrupts  from  being  acknowledged  before  you  have  finally  exited 
the  current  interrupt  service  routine. 
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If  you  want  to  nest  interrupts  then  you  must  execute  an  interrupt  enable  instruction 
within  the  interruptable  interrupt  service  routine  But  make  sure  that  you  do  not  re-ena- 
ble interrupts  until  the  initial  interrupt  service  routine  has  executed;  remember,  the  in- 
itial interrupt  service  routine  is  determining  the  source  of  the  interrupt  —  and  it  makes 
no  sense  to  allow  another  interrupt  to  occur  until  this  determination  has  been  com- 
pleted. 

You  can  disable  interrupts  selectively  at  external  devices  that  have  local  interrupt 
disable  logic.  This  is  done  using  the  Mask  Out  instruction  (MSKO);  MSKO  is 
another  I/O  instruction  addressing  device  3F-|  5  The  MSKO  instruction  outputs  data 
from  one  of  the  CPU  Accumulators  onto  the  Information  Bus.  Every  I/O  device  capable 
of  having  its  interrupt  logic  disabled  must  be  connected  to  one  of  the  Information  Bus 
lines.  When  the  MSKO  instruction  is  executed,  the  I/O  device  must  first  decode  the 
MSKO  instruction  in  order  to  activate  its  interrupt  disable  logic;  subsequently,  if  the  In- 
formation Bus  line  to  which  device  interrupt  disable  logic  is  connected  is  low,  then  in- 
terrupt request  logic  must  be  disabled  locally.  Timing  is  illustrated  in  Figure  17-17 

In  order  to  re-enable  interrupts  at  any  external  device  you  output  a  new  mask  with  a 
high  level  on  the  Information  Bus  line  to  which  the  device's  interrupt  disable  logic  is 
connected. 

Interrupt  logic  again  demonstrates  the  minicomputer  emphasis  of  the  Nova.  We 

have  assumed  that  an  external  device  capable  of  requesting  interrupts  can  decode  I/O 
instruction  object  codes  on  the  Information  Bus  and  have  a  considerable  amount  of 
logic  associated  with  Busy,  Done  and  Interrupt  request  flags.  We  will  shortly  look  at  a 
9440  implementation  of  suitable  interrupt  logic  on  an  I/O  device  controller. 

MICRONOVA  AND  9440  DIRECT 
MEMORY  ACCESS  LOGIC 

MicroNova  and  9440  direct  memory  access  logic  differ  markedly. 

In  both  cases  external  logic  represents  a  DMA  access  by  inputting  a  low  signal  via  DCH 

REQ, 

The  MicroNova  responds  by  acknowledging  the  DMA  request.  This  is  done  by  output- 
ting  a  high  I/O  DATA1  with  a  low  I/O  DATA2  signal.  Externa!  logic  then  identifies  the 
direction  of  the  data  transfer  via  the  I/O  INPUT  control  signal.  Subsequently,  MicroNova 
logic  performs  the  entire  DMA  transfer  by  creating  appropriate  I/O  Bus  and  Memory 
Bus  signal  sequences  —  but  only  data  input  or  data  output  is  allowed. 


The  9440  has  a  more  primitive  DMA  capability.  It  responds  to  DCH  INT  by  outputting 
lines  00  and  01  low  and  high,  respectively,  and  floating  the  Data  Bus.  External  logic 
must  implement  the  actual  DMA  transfer 

Standard  Nova  protocol  allows  four  DMA  operations  to  be  defined  by  external  logic  via 
the  DCHMO  and  DCHM1  I/O  bus  signals.  These  are  the  four  DMA  operations  that  may 
be  defined: 


DCHMO  DCHM1 

0  0  "      Add  to  memory 

0  1         Data  in 

1  0         Increment  memory 
1  1         Data  out 

The  MicroNova,  as  we  have  already  stated,  handles  data  in  and  data  out  only;  incre- 
ment memory  and  add  to  memory  are  not  available 

The  9440  on  the  other  hand,  does  nothing  in  response  to  a  DMA  request  other  than 
float  the  Information  Bus.  All  external  logic  associated  with  DMA  operations  must 
exist  outside  the  9440  chip.  We  will  describe  suitable  logic  later  in  this  chapter. 
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THE  MICRONOVA  AND  9440  INSTRUCTION  SETS 

Table  17-2  summarizes  the  instruction  sets  for  the  MicroNova  and  the  9440.  Ob- 
serve that  there  are  some  instructions  available  with  MicroNova  that  the  9440  lacks. 

The  power  of  the  Nova  instruction  set  is  derived  from  the  fact  that  many  instructions 
perform  multiple  operations  Register  Operate  instructions,  for  example,  allow  you  to 
set,  or  reset  or  complement  a  Carry  status  before  the  specified  operation  is  performed. 
Primary  Memory  Reference  and  Register  Operate  instructions  allow  you  to  also  perform 
data  shifts,  or  to  swap  the  high  and  low  order  bytes  of  the  data  word  being  moved  or 
generated.. 

Primary  Memory  Reference  and  Register  Operate  instructions  also  allow  you  to  perform 
a  conditional  skip  based  on  the  results  of  the  operation. 

It  is  the  ability  of  the  Nova  instruction  set  to  perform  a  combination  of  operations,  dur- 
ing a  single  instruction's  execution,  that  makes  the  instruction  set  so  effective. 

THE  BENCHMARK  PROGRAM 

Our  benchmark  program  may  be  illustrated  as  follows  for  the  MicroNova  and  the 
9440: 

LOAD  WORD  COUNT  COMPLEMENT  INTO  AC2 
LOAD  IOBUF  BASE  ADDRESS  INTO  AUTO- 
INCREMENT  LOCATION 

LOAD  ADDRESS  OF  FIRST  FREE  TABLE  WORD 
INTO  AUTO-INCREMENT  LOCATION 
LOAD  NEXT  BYTE  FROM  IOBUF 
STORE  IN  NEXT  TABLE  WORD 
INCREMENT  WORD  COUNT  SKIP  IF  ZERO 
RETURN  FOR  MORE 

RETURN  NEW  ADDRESS  OF  FIRST  FREE  TABLE 
WORD 

This  benchmark  program  uses  indirect  addressing  with  auto-incrementing  in  order  to 
sequentially  access  IOBUF  and  TABLE,  We  begin  the  program  by  loading  the  word 
count  (CNT)  into  Accumulator  2,  and  table  base  addresses  into  memory  words  208  ar|d 
21g  We  assume  that  the  address  of  the  first  free  word  in  TABLE  is  stored  in  the  first 
word  of  TABLE;  thus  we  can  fetch  the  address  of  the  first  free  TABLE  word  by  execut- 
ing a  load  to  Register  0  with  indirect  addressing. 

Data  is  moved  by  a  four-instruction  loop.  Two  instructions  load  data  from  IOBUF  and 
store  data  in  TABLE  using  indirect  addressing  with  auto-increment,  Next  we  increment 
the  counter  stored  in  Register  2  and  skip  the  following  instruction  upon  detecting  a  zero 
count  The  following  instruction  is  a  jump  back  to  the  beginning  of  the  loop 

The  final  two  instructions  simply  restore  the  new  address  for  the  first  free  TABLE  word 
into  the  first  word  of  the  TABLE. 

The  benchmark  program  makes  no  assumptions  The  source  and  destination  tables  may 
be  any  size  and  any  number  of  data  words  may  be  transferred,  limited  only  by  the 
available  memory  space. 

The  following  notation  is  used  in  Table  17-2. 

An  "X"  in  the  column  labeled  "9440"  indicates  that  the  instruction  is  available  on  the 
9440  CPU. 

AC  Any  of  the  four  Accumulators 

ACX  A  specific  Accumulator   For  example,  AC1  is  Accumulator  1. 
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LDA 

2,CNT 

LDA 

O.IOBUF 

STA 

0,10 

LDA 

0,@TABLE 

STA 

0,11 

LOOP      LDA 

0,@10 

STA 

0,@11 

INC 

2,2,SZR 

JMP 

LOOP 

LDA 

0,21 

STA 

0,@TABLE 

C  Carry  status 

D  An  Accumulator  which  serves  as  the  destination  for  the  results  of  an 

operation. 

DEV  A  6-bit  device  code, 

DEVX  A  specific  device  register  For  example,  DEVA  is  Device  Register  A 

DEVBD  Device  Busy-Done  flags, 

EA  Effective  address  determined  by  @DISP  (,IX  j. 

FP  Frame  Pointer  (not  present  in  9440). 

ION  Interrupt  ON  flag 

PC  Program  Counter 

PM  Priority  Mask 

S  An  Accumulator  which  serves  as  the  source  of  an  operand. 

SP  Stack  Pointer  (not  present  in  9440), 

(CS#)  Represents  three  options   which  are   used   by  the   Register-Register 

operations. 

C  is  a  2-bit  field  which  determines  the  carry  state  prior  to  the  ALU 
operation. 

Coded  Character     Result  Bits     Operation 
option  omitted  00  No  operation 

Z  01  Set  carry  to  0 

O  10  Set  carry  to  1 

0  1 1  Complement  carry 

For  example,  ADDO  2,2  would  set  carry  to  1  before  adding  AC2  to  AC2, 

S  is  a  2-bit  field  which  determines  how  the  result  of  the  ALU  will  be 

shifted. 

Coded  Character     Result  Bits     Operation 
option  omitted  00  No  shift 

L  01  Shift  result  and  carry  left 

one  bit 
R  10  Shift  result  and  carry  right 

one  bit 
S  1 1  Swap  result  bytes 

For  example,  MOVS  1,2  would  swap  the  bytes  of  AC1  and  store  into 
AC2. 

#  is  a  1-bit  field  which  determines  whether  the  result  is  stored  in  ACD. 
Coded  Character     Result  Bits     Operation 
option  omitted  0  Load  result  into  ACD 

#  1  Do  not  load  result  into  ACD 

For  example,  NEGOL#  1,2  would  set  carry  to  1  then  negate  AC1,  shift 
the  result  and  carry  left  one  bit,  but  would  not  store  into  AC2. 

(f)  A  2~bit  '/O  command  whose  meaning  depends  on  whether  the  CPU  or 

another  device  is  being  referenced. 

Device 

No  operation 

Start  device  by  setting  Busy  to  1 

and  Done  to  0 

Idle  device  by  setting  Busy  to  0 

and  Done  to  0 

Pulse  a  special  device  dependent 

line 
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CPU 

f 

No  operation 

00 

Set  Interrupt 

01 

On  to  1 

Set  Interrupt 

10 

On  to  0 

No  operation 

11 

Coded  Character 

Result  Bits 

option  omitted 

000 

SKP 

001 

SZC 

010 

SNZ 

011 

SZR 

100 

SNR 

101 

SEZ 

110 

SBN 

111 

LSKCND)  A  3-bit  skip-on-condition  field  which  is  used  by  the  Register-Register 

Operate  instructions. 

Operation 

No  operation 

Always  skip 

Skip  if  Carry  =  0 

Skip  if  Carry  =  1 

Skip  if  result  =  0 

Skip  if  result  #0 

Skip  if  either  carry  or  result  =  0 

Skip  if  both  carry  and  result  #  0 

(@ )  DISP  CIX)    Generates  the  address  EA 

@       is  the  indirect  bit.  If  @=1  then  indirection  is  specified. 
DISP     is  an  8-bit  address  value. 

(IX)       is  a  2-bit  field  which  indicates  the  addressing  Mode: 
Bits  are    Mode 

00  Zero  page  addressing.  DISP  is  an  unsigned  address 
between  0  and  256. 

EA  =  DISP 

01  PC  relative  addressing.  DISP  is  a  signed  two's 
complement  address  displacement 

EA  =  DISP+[PC] 

10  Indexed  addressing  via  AC2   DISP  is  a  signed 
two's  complement  address  displacement. 

EA  =  DISP+[AC2] 

1 1  Indexed  addressing  via  AC3   DISP  is  a  signed 
two's  complement  address  displacement. 

EA  =  DISP+[AC3] 
(t)  A  2-bit  I/O  test  field  whose  meaning  depends  on  whether  the  CPU  or 

another  device  is  referenced 

-Device 

Test  for  Busy=1 
Test  for  Busy=0 
Test  for  Done=1 
Test  for  Done=0 
x<y,z>  Bits  y  through  z  of  the  quantity  x.  [AC]<5.0>  is  the  low  six  bits  of  the 

specified  Accumulator. 
[  J  Contents  of  location  enclosed  within  brackets.  If  a  register  designation 

is  enclosed  within  the  brackets,  then  the  designated  register's  contents 
are  specified  If  a  memory  address  is  enclosed  within  the  brackets,  then 
the  contents  of  the  addressed,  memory  location  are- specified. 
[[  ]]  Implied   memory  addressing;   the  contents  of  the  memory   location 

designated  by  the  contents  of  a  register. 
A  Logical  AND 

—  Data  is  transferred  in  the  direction  of  the  arrow 

Under  the  heading  of  STATUS  in  Table  17-2,  .an  X  indicates  statuses  which  are 
modified  in  the  course  of  the  instruction's  execution  If  there  is  no  X,  it  means  that  the 
status  maintains  the  value  it  had  before  the  instruction  was  executed. 


CPU 

t 

Test  for  Interrupt  On  = 

=  1 

00 

Test  for  Interrupt  On  = 

=0 

01 

Never  skip 

10 

Always  skip 

11 
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Table  17-3.  MicroNova  And  9440  Instruction  Set  Object  Codes 


INS 

TRUCTION 

OBJECT  CODE 

BYTES 

CLOCK 
PERIODS 

9440 

ADC(CS#) 

S,D(,SKCND) 

1  ssdd  1 0Orrccriwww 

2 

5/7 

X 

ADD(CS#) 

S,D{,SKCND) 

1  ssdd  1 1 0rrccnwww 

2 

5/7 

X 

AND(CS#) 

S,D  (,SKCND) 

1ssdd111rrccnwww 

2 

5/7 

X 

COMICS  #) 

S,D  (,SKCND) 

1  ssddOCX)rrccnwww 

2 

5/7 

X 

DIAf 

ACDEV 

011aa001ffpppppp 

2 

15 

X 

DIBf 

ACDEV 

011aa011ffpppppp 

2 

15 

X 

DICf 

ACDEV 

011aa101ffpppppp 

2 

15 

X 

DIV 

7641 

2 

123 

DOAf 

AC.DEV 

011aa010ffpppppp 

2 

10 

X 

DOBf 

ACDEV 

011aa100ffpppppp 

2 

10 

X 

DOCf 

ACDEV 

011aa110ffpppppp 

2 

10 

X 

DSZ 

(^)DISP(JX) 

00011ixxbbbbbbbb 

2 

8/10* 

X 

HALTf 

011aa110ff111111 

2 

10 

X 

INC(CStf) 

S,D  (,SKCND) 

1  ssdd0 1 1  rrccnwww 

2 

5/7 

X 

INTAf 

AC 

011aa01 1ff111l11 

2 

15 

X 

INTDS 

60BF 

2 

10 

X 

INTEN 

607F 

2 

10 

X 

IORST 

O11aa010ff111111 

2 

10 

X 

ISZ 

(  ";)  DISP  (,IX) 

OOOIOixxbbbbbbbb 

2 

8/10* 

X 

JMP 

<  <«■)  DISP  (,IX) 

OOOOOixxbbbbbbbb 

2 

6/8* 

X 

JSR 

(  "=)  DISP  (,IX) 

OOOOIixxbbbbbbbb 

2 

7/9* 

X 

LDA 

AC('4DISP(,IX) 

01  laaixxbbbbbbbb 

2 

6/8* 

X 

MFFP 

AC 

011aaO001O00O001 

2 

8 

MFSP 

AC 

011aa01010000001 

2 

7 

MOV{CS'/) 

S,D  (,SKCND) 

1  ssddOIOrrccnwww 

2 

5/7 

X 

MSKOf 

AC 

011aa100ff111111 

2 

10 

X 

MTFP 

AC 

011aa00000000001 

2 

6 

MTSP 

AC 

01 1aa0 1000000001 

2 

6 

MUL 

76C1 

2 

86 

NEG(CS//> 

S,D  (,SKCND) 

1  ssddOOl  rrccnwww 

2 

5/7 

X 

NIOf 

DEV 

01100000ffpppppp 

2 

10 

X 

POPA 

AC 

01 1aa01 110000001 

2 

7 

PSHA 

AC 

01 1aa0 1100000001 

2 

7 

RET 

6581 

2 

15 

RTCDSf 

0110101  Off  111111 

2 

10 

X 

RTCENf 

01 110010ff1 11111 

2 

10 

X 

SAV 

6501 

2 

16 

SKPt 

01100111ttpppppp 

2 

15/17 

X 

SKPT 

DEV 

0110011 1tt1 11111 

2 

15/17 

X 

STA 

CPU 

OlOaaixxbbbbbbbb 

2 

6/8* 

X 

SUB(CS/y) 

AC,{")D!SP(,IX) 

1  ssdd  1 01  rrccnwww 

2 

5/7 

X 

TRAP 

S,D  (,SKCND) 

1  ssddqqqqqqq 1 000 

2 

9 

♦Direct  addressing.  For  indirect  addressing,  add  two  clock  periods  for  each  level  of  indirection.  For  auto- 
increment  or  auto-  decrement  locations,  add  three  clock  periods,  plus  two  for  each  level  of  indirection. 

The  following  symbols  are  used  in  Table  17-3 

aa  Two  bits  selecting  an  Accumulator 

bbbbbbbb  8-bit  signed  two's  complement  address  displacement 

cc  Two  bits  selecting  the  carry  option 

dd  Two  bits  selecting  the  destination  Accumulator 

ff  Two  bits  selecting  the  I/O  command 

i  One  bit  selecting  indirect  addressing 

n  One  bit  choosing  the  no  load  option 
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pppppp  Six-bit  device  number 

rr  Two  bits  determining  the  shift  option 

ss  Two  bits  choosing  the  source  Accumulator 

tt  Two  bits  choosing  the  I/O  test 

www  Three  bits  selecting  the  skip-on-condition  option 

xx  Two  bits  selecting  the  index  option 

Execution  times  shown  are  for  MicroNova  Where  two  execution  times  are  shown  (for 
example,  5/7),  the  second  is  the  instruction  time  if  the  skip  or  branch  is  taken 

9440  —  NOVA  BUS  INTERFACE 

We  will  now  examine  logic  which  expands  the  9440  pins  and  signals  to  the  stan- 
dard Nova  I/O  bus  and  to  a  typical  microcomputer  memory  bus.  Table  17-1  iden- 
tifies the  Nova  I/O  bus  that  is  created. 

We  will  also  illustrate  that  part  of  I/O  device  interface  logic  which  is  common  to 
any  I/O  device  —  that  is,  logic  associated  with  Busy,  Done  and  Interrupt  flags. 

Our  discussion  of  logic  needed  to  create  a  Nova  memory  bus  is  quite  superficial,  reflect- 
ing the  fact  that  there  is  no  standard  Nova  memory  bus.  We  will  therefore  limit  our- 
selves to  demonstrating,  in  general,  how  typical  Nova  memory  bus  signals  may  be  cre- 
ated from  9440  signals.  But  we  will  be  specific  in  describing  logic  that  expands  the 
9440  interface  to  a  standard  Nova  I/O  bus. 

The  9440-Nova  bus  interface  description  is  divided  into  three  parts: 

1 )  Expansion  of  the  Information  Bus  into  various  Address  and  Data  Busses  required  by 
the  I/O  and  memory  references, 

2)  Creation  of  memory  interface  control  signals. 

3)  Creation  of  I/O  interface  control  signals. 

We  will  examine  each  of  the  three  logic  expansions  in  turn. 

9440  INFORMATION  BUS  EXPANSION 

These  four  busses  must  be  created  out  of  the  bidirectional  16-bit  Information  Bus: 

1)  A  bidirectional,  16-bit  Memory  Data  Bus, 

2)  An  output  only,  15-bit  Memory  Address  Bus. 

3)  A  bidirectional,  16-bit  I/O  Data  Bus. 

4)  An  output  only,  6-bit  I/O  Device  Address  Bus. 

We  must  also  latch  I/O  instruction  object  codes  into  a  buffer  out  of  which  I/O  instruc- 
tion code  bits  can  be  read  by  I/O  control  signal  logic. 

The  9440  Information  Bus  is  low  true;  this  means  a  low  signal  level  represents  a 
binary  1,  while  a  high  signal  level  represents  a  binary  0.  Standard  Nova  I/O  Data 
and  Address  Busses  are  also  low  true;  we  therefore  do  not  need  to  invert  signals 
during  multiplexing  and  demultiplexing. 

There  are  many  ways  in  which  the  9440  Information  Bus  may  be  multiplexed  to 
create  the  four  required  busses.  One  possibility  is  illustrated  in  Figure  17-18.  This 
logic  shows  74LS245  8-bit  bidirectional  tristate  buffers  generating  the  two  bidirec- 
tional Data  Busses,  while  74LS364  8-bit  edge-triggered  flip-flops  create  the  Address 
Busses  and  the  I/O  instruction  object  code  register. 
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Figure  17-18.  9440  Information  Bus  Demultiplexing  Logic 
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The  Data  Bus  buffers  each  have  a  select  input  and  a  data  direction  input.  The  select  in- 
puts are  low  true.  Logic  shown  in  Figure  17-18  selects  the  74LS245  buffers  while  valid 
memory  data  or  valid  I/O  data  can  exist.  Within  these  select  periods  a  data  direction 
control  signal  is  created  to  ensure  that  data  flows  in  the  correct  direction. 

For  the  Memory  Data  Bus,  the  74LS245  buffers  must  be  selected  either  during  a  read  or 
a  write  operation,  as  identified  by  MO  or  M1 .  But  these  two  signals  span  addresses  and 
data  occurring  on  the  Information  Bus.  The  period  when  valid  data  exists  on  the  Infor- 
mation Bus  is  identified  by  MBUSY  high  while  SYN  is  low.  This  timing  is  illustrated  in 
Figure  17-12  and  17-13. 

M1  is  used  as  the  Memory  Data  Bus  data  direction  control. 

The  I/O  Data  Bus  buffer  logic  is  somewhat  simpler.  The  Information  Bus  is  dedicated  to 
transferring  I/O  data  for  the  entire  duration  of  a  data  input  or  data  output  machine  cy- 
cle, as  defined  by  00  high  and  01  low;  these  two  signals  are  therefore  used  to  create 
select  logic.  The  direction  of  the  I/O  data  transfer  is  taken  from  IR7;  this  bit  of  the  I/O  in- 
struction object  code  defines  the  direction  of  an  I/O  data  transfer,  as  illustrated  in 
Figure  17-8. 

For  the  Address  Busses  we  do  not  use  buffers,  rather  we  use  edge-triggered  flip-flops. 
This  allows  the  addresses  being  output  to  be  held  stable  on  the  Memory  Address  Bus! 
or  the  I/O  Address  Bus  after  it  is  no  longer  on  the  Information  Bus. 

In  the  case  of  the  Memory  Address  Bus,  select  logic  is  tied  to  MZ  which  will  be  low 
whenever  a  memory  address  is  being  output  on  the  Information  Bus.  The  high-to-low 
transition  of  SYN  is  intended  to  act  as  a  memory  address  strobe,  therefore  it  is  inverted 
to  clock  the  Memory  Address  Bus  flip-flops.  Observe  that  there  are  only  fifteen  lines  on 
the  Memory  Address  Bus;  the  high  order  bit  of  a  16-bit  memory  address  is  reserved  to 
•indicate  an  indirect  address. 

Two  74LS364  flip-flops  are  used  to  latch  I/O  instruction  object  codes  off  the  Memory 
Data  Bus,  to  create  the  I/O  Address  Bus,  These  flip-flops  constitute  the  Instruction 
register.  The  six  low  order  output  lines  create  the  I/O  Address  Bus.  The  Instruction 
register  flip-flops  are  constantly  selected,  which  means  that  the  I/O  Address  Bus  will  al- 
ways hold  the  address  of  the  most  recently  selected  I/O  device.  The  I/O  device  address, 
you  will  recall,  is  provided  by  the  low  order  six  bits  of  I/O  instruction  object  codes.  The 
Instruction  register  flip-flops  are  clocked  by  a  signal  which  makes  a  low-to-high  transi- 
tion whenever  an  I/O, instruction  is  on  the  Memory  Data  Bus,  This  condition  is  guaran- 
teed by  00  and  01  both  low,  identifying  an  instruction  fetch,  while  the  DATAO,  DATA1 
and  DATA2  are  01  and  1,  respectively,  identifying  an  I/O  instruction  object  code.  The 
instruction  object  code  is  actually  clocked  off  the  Memory  Data  Bus  by  the  low-to-hiah 
transition  of  MBUSY 

Let  us  now  examine  I/O  bus  control  signal  logic. 
9440-NOVA  I/O  BUS  INTERRUPT  SIGNALS 

Three  signals  on  the  standard  Nova  I/O  .bus  are  used  by  interrupt  loqic:  TWTR  INTA 
and  INTP 

INTR  is  the  standard  interrupt  request  signal.  This  signal  can  be  tied  directly  to  the 
9440  INTREQ  input.  " 

The  interrupt  acknowledge  signal  INTA  is  created  in  response  to  execution  of  the  inter- 
rupt acknowledge  instruction.  We  have  already  described  logic  which  creates  INTA 
along  with  other  I/O  bus  control  signals. 
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INTP  is  the  initial  input  to  the  highest  priority  device  in  an  interrupt  daisy  chain.  This 
may  be  illustrated  as  follows: 


intr  *m                                  <  > i 

> -H 

-  Device 

1 

Device 
2 

Device 
3 

et 

♦ 

J 

\ 

J 

f 

POUT 

POUT  =  Priority  Out 
PIN  =  Priority  in 

PIN                POUT 

PIN               POUT 

INTP  may  be  connected  to  the  complement  of  the  9440  output  INT  ON,  in  which  case 
priorities  within  ajiaisy  chain  will  not  be  resolved  while  interrupts  are  disabled  Fre- 
quently the  initial  PIN  input  to  a  daisy  chain  will  be  tied  to  ground  and  INTP  will  not  be 
used.  Now  interrupt  priorities  will  be  arbitrated  whether  or  not  interrupts  have  been 
enabled. 

As  you  will  see  it  takes  very  little  logic  to  expand  the  9440  interrupt  signals  to  standard 
Nova  I/O  bus  interrupt  lines  But  a  considerable  amount  of  interrupt-related  logic  must 
be  present  at  external  device  controllers  —  logic  which  we  will  describe  later  in  this 
chapter. 

9440-NOVA  DMA  CONTROL  SIGNALS 


The  only  DMA  logic  provided  by  the  9440  consists  of  a  DMA  request  signal  DCH  REQ. 
When  input  low,  this  signal  causes  the  9440  to  complete  the  instruction  currently 
being  executed,  then  to  disable  interrupts  and  wait  The  DMA  request  is  acknowledged 
by  outputting  00  low  and  01  high 

All  logic  which  actually  implements  any  DMA  transfer  must  be  implemented  ex- 
ternal to  the  9440.  A  discussion  of  this  logic  is  deferred  to  the  next  revision  of 
Volume  II. 

9440-NOVA  I/O  BUS  CONTROL  SIGNALS  CREATION 

Standard  Nova  I/O  bus  control  signals  are  created  by  the  9LS139  decoders  illustr- 
ated in  Figure  17-19.  This  signal  logic  directly  interprets  I/O  instruction  object 
code  bits  illustrated  in  Figures  17-8,  17-9  and  17-10. 

Instruction  object  code  bits  are  continuously  read  out  of  the  Instruction  register 
(IRO  -  IR15);  but  I/O  control  signals  are  created  only  while  l/OXEQ  is  high. 

l/OXEQ. is  a  master  enable  for  all  I/O  control  signals;  it  is  the  complement  of  SYN, 
qualified  by  00=1,  01=0,  IR0=0.  IR1=1  and  IR2=1  This  qualification  guarantees  that 
l/OXEQ  will  be  active  only  during  an  I/O  Data  In  or  an  I/O  Data  Out  machine  cycle. 

Notice  that  we  must  create  l/OXEQ  using  the  I/O  instruction  object  code  bits  latched  in 
the  Instruction  register.  Instruction  register  logic  is  illustrated  in  Figure  17-18.  If  Infor- 
mation Bus  lines  were  used  to  create  l/OXEQ,  then  l/OXEQ  could  be  active  only  while 
the  instruction  object  code  is  stable  on  the  Information  Bus.  This  would  not  be  very 
-  helpful  since  it  is  during  the  next  machine  cycle  that  the  I/O  instruction  is  actually  ex- 
ecuted and  I/O  control  signals  must  be  created.  The  Instruction  register  illustrated  in 


17-51 


Figure  17-18  latches  I/O  instruction  object  codes  off  the  Information  Bus  during  the  in- 
struction fetch  machine  cycle,  then  maintains  the  I/O  instruction  object  code  until  the 
next  I/O  instruction  is  executed.  That  is  why  IRO  through  IR15  are  shown  as  inputs  in 
Figure  17-19. 


Figure  17-19.  Creation  Of  Nova  I/O  Bus  Control  Signals  From  9440  Signals 
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The  logic  of  Figure  17-19  may  be  divided  into  these  four  sections: 

1)  Creation  of  control  signals  STRT,  CLR  and  i/OPLS. 

2)  Creation  of  simple  data  transfer  control  signals. 

3)  Creation  of  I/O  skip  logic. 

4)  Creation  of  interrupt  control  signals 

Let  us  first  consider  logic  needed  to  create  STRT,  CLR  and  l/OPLS. 

These  control  signals  are  created  in  a  very  elementary  way  by  the  74LS1 39  decoder  at 
the  top  of  Figure  17-19  This  device  decodes  I/O  instruction  object  code  bits  IR8  and 
IR9,  providing  an  I/O  Skip  instruction  is  not  being-executed.  The  I/O  Skip  instruction  is 
identified  by  IR5.  IR6  and  iR7  all  high,  therefore  this  combination  is  used  as  an  inhibit 
input  to  the  decoder  enable 

Simple  data  transfer  control  signals  consist  of  DATIA,  DATIBf  DATIC,  DATOA, 
DATOB  and  DATOC;  they  are  created  by  the  lower  74LS139  decoder  in  Figure 
17-19. 

if  you  look  at  Figure  17-8  you  will  see  that  IR5  and  IR6  select  one  of  the  three  registers 
that  may  exist  at  an  I/O  device,  while  IR7  differentiates  between  I/O  data  input  and  I/O 
data  output  IR7,  and  its  complement,  are  therefore  used  in  conjunction  with  l/OXEQ  to 
enable  the  two  halves  of  the  74LS1 39  decoder. 

The  Skip  control  SKP  is  used  to  enable  SELB  and  SELD  onto  Information  Bus  lines 
IBO  and  IB1.  This  is  done  using  a  74125  three-state  buffer;  this  device  is  enabled  by 
SKP  low.  SELB  and  SELD  are  inputs  to  this  buffer,  while  the  outputs  are  connected  to 
Information  Bus  lines  IBO  and  IB1  We  assume  that  as  soon  as  any  I/O  device  is 
selected,  it  immediately  connects  its  Busy  and  Done  statuses  to  the  SELB  and  SELD 
control  lines  of  the  I/O  bus  However  SELB  and  SELD  will  not  appear  on  Information  Bus 
lines  IBO  and  IB1  unless  a  Skip  I/O  instruction  has  been  executed 

When  an  I/O  instruction  is  executed  specifying  device  3Fiq,  a  set  of  interrupt-rel- 
ated  I/O  instructions  are  executed,  as  illustrated  in  Figure  17-10.  Most  of  the  instruc- 
tions illustrated  in  this  figure  specify  events  internal  to  the  CPU.  For  example,  "enable 
interrupts"  and  "disable  interrupts"  apply  to  CPU  interrupt  logic;  moreover,  the  Skip  in- 
structions interrogate  interrupt  request  status  and  power  fail  status  within  the  CPU. 
"Acknowledge  Interrupt"  (INTA),  "Output  Interrupt  Mask"  (MSKO)  and  "Clear 
AH  I/O  Devices"  (IORST)  are  the  only  instructions  which  require  control  signals  to 
be  generated  on  the  I/O  bus.  These  control  signals  are  generated  by  qualifying 
equivalent  control  signals  from  Figure  17-8  with  a  device  3F\q  select  code.  The 
device  3F-|  q  select  code,  L3F,  is  a  high  true  signal  created  by  ANDing  the  low  order  six 
Instruction  register  bits  (IR10  through  IR1 5).  Thus  the  gates  producing  INTA.MSKO  and 
IORST  are  effectively  switched  on  and  off  by  L3F  Note  that  IORST  is  generated  either 
by  execution  of  a  "Clear  I/O  Devices"  instruction,  or  by  the  master  system  RESET  sig- 
nal 

NOVA  I/O  DEVICE  CONTROLLER  LOGIC 

interface  logic  which  an  external  device  must  have,  to  connect  to  the  standard 
Nova  I/O  bus,  depends  on  the  nature  of  the  external  device.  A  minicomputer 
device  controller  may  be  very  complex,  even  costing  more  than  the  minicomputer 
itself;  that  is  because  minicomputer  devices  that  connect  to  the  I/O  bus  are  pe- 
ripherals, such  as  printers,  disks,  etc.  When  we  reduce  the  Nova  to 
microprocessor  terms,  however,  external  devices  connected  to  the  I/O  bus 
reduce  to  such  primitive  elements  as  parallel  I/O  ports  or  serial  data  lines.  Within 
this  reduced  context  we  can  synthesize  the  minimum  necessary  elements  of  an 
I/O  interface  as  consisting  of  three  status  flags:  a  Busy,  a  Done  and  an  Interrupt 
request.  We  can  implement  these  three  status  flags  using  three  7474  flip-flops,  as 
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illustrated  in  Figure  1 7-20.  Device  select  logic  in  this  figure  is  limited  to  showing  a 
select  signal  which  will  be  generated  true  when  the  appropriate  device  code  ap- 
pears on  the  I/O  device  Address  Bus.  We  have  discussed  I/O  device  select  logic  at 
various  points  earlier  in  this  chapter. 

Let  us  look  at  the  BUSY  and  the  DONE  status  logic.  These  are  the  operations  which 
may  affect  the  condition  of  the  BUSY  and  DONE  statuses  for  input: 

1)  At  the  start  of  an  input  operation  BUSY  must  be  set  while  DONE  is  clear.  This  con- 
dition is  identified  by  01  in  bits  IR8  and  IR9  of  the  I/O  instruction  object  code, 
which  generates  the  STRT. control  signal  of  the  I/O  bus. 

2)  At  the  completion  of  an  operation  BUSY  is  cleared  and  DONE  is  set  This  change  in 
status  setting  must  be  implemented  automatically  by  I/O  device  interface  logic;  it 
alone  knows  when  the  I/O  operation  has  been  completed. 

3)  BUSY  and  DONE  may  be  cleared  by  the  CPU.  This  is  specified  by  1 0  in  bits  IR8  and 
IR9  of  the  I/O  instruction,  which  generates  the  CLR  control  signal  on  the  I/O  bus. 

4)  There  is  a  "Clear  All  I/O  Devices"  instruction.  This  instruction  generates  IORST  on 
the  I/O  bus;  it  clears  BUSY  and  DONE  statuses  at  all  I/O  devices, 

5)  A  Master  Reset  must  also  clear  the  BUSY  and  DONE  statuses.  This  Master  Reset 
signal  can  also  create  IORST,  as  illustrated  in  Figure  17-19 

Two  D-type  flip-flops  implement  the  BUSY  and  DONE  status  logic.  These  two  D- 
type  flip-flops  are  clocked  by  an  "I/O  Complete"  signal  which  local  device  logic  must 
generate.  The  BUSY  and  DONE  statuses  are  generated  by  the  flip-flop  Q  outputs  which 
must  connect  to  SELB,and  SELD,  as  required  by  I/O  skip  logic,  which  we  have  already 
described. 

The  BUSY  flip-flop  uses  its  Set  and  Clear  logic  to  control  the  BUSY  status  The  BUSY 
status  is  set  by  STRT  •  SELECT  This  combination  of  STRT  and  SELECT  sets  the  device 
BUSY  status  high  while  it  resets  the  DONE  status  low 


The    BUSY    status    clear    input    is    the    NOR    of    IORST    and  |7oRST 

CLR  -  SELECT,  Both  of  these  inputs  will  be  false  {that  is,  low)  and  ICLr" 

the  flip-flop  clear  input  will  therefore  be  high  when  BUSY  is  set 


high  by  STRT  .  SELECT  Subsequently,  when  STRT  •  SELECT  goes  1  STRT 

false,  BUSY  will  stay  high  until  it  is  reset  low  by  "I/O  Complete"  or 
by  a  low  clear  input,  which  will  occur  when  either  IORST  or  CLR  .  SELECT  goes  high 
The  DONE  status  is  set  high  by  the  "I/O  Complete"  pulse  after  BUSY  is  set  high  since 
BUSY  contributes  to  the  NAND  gate  which  provides  the  D  input  to  the  DONE  flip-flop 
The  other  input  to  this  NAND  gate  is  DONE,  this  second  input  is  there  to  preserve  the 
"on"  condition  of  the  flip-flop  until  it  is  cleared  by  a  low  clear  input  The  low  clear  input 
is  generated  by  a  NOR  gate  which  receives  three  inputs  as  follows-: 

1)  The  complement  of  the  BUSY  flip-flop  set  input;  this  ensures  that  the  DONE  status 
will  be  reset  at  the  instant  the  BUSY  status  is  being  set 

2)  The  master  Reset,  IORST 

3)  CLR  .  SELECT  which  clears  the  DONE  status. 

The  device  interrupt  may  be  individually  disabled  by  a  Mask  Out  instruction's  execution 
which  creates  the  MSKO  control  signal  used  to  clock  the  interrupt  status  flip-flops  Ac- 
companying execution  of  the  Mask  Out  instruction,  a  16-bit  data  value  is  output  on  the 
I/O  Data  Bus.  Device  interrupt  logic  is  tied  to  bit  N  of  this  mask,  which  translates  into 
I/O  Data  Bus  line  DATAN.  Therefore  DATAN  becomes  the  D  input  to  the  interrupt  flip- 
flop.  If  bit  N  is  high  then  the  interrupt  flip-flop  goes  high;  this  sets  the  Q  output  high 
and  at  the  same  time  prevents  INTR  from  going  low. 

The  bottom  flip-flop  in  Figure  17-20  implements  interrupt  logic  for  the  I/O  inter- 
face. Let  us  summarize  the  conditions  that  can  affect  I/O  interface  interrupt  logic. 
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I/O  COMPLETE 


^O^5 


Figure  17-20.   Busy,  Done  And  interrupt  Status  Logic  Required  By  I/O  Device 
Controllers  On  The  Nova  I/O  Bus 
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Providing  interrupts  are  enabled  at  the  I/O  interface,  an  interrupt  will  be  requested 
whenever  an  I/O  operation  is  completed,  as  identified  by  the  DONE  status  going  true, 
This  is  enabled  by  the  OR  gate  preceding  INTR„  As  soon  as  the  DONE  status  goes  low, 
INTR  will  go  low. 

Interrupt  logic  may  be  enabled  by  a  master  I/O  reset;  therefore  IORST  is  connected  to 
the  flip-flop  set  input 

9440  MEMORY  BUS 

There  being  no  standard  Nova  Memory  Bus,  we  will  look  at  the  signals  available 
to  you  when  you  interface  memory  to  the  9440. 

First  return  to  Figure  17-18.  This  figure  shows  how  stable  Data  and  Memory 
Busses  may  be  demultiplexed  off  the  9440  Information  Bus.  In  order  to  create  a 
Memory  Bus  of  any  type,  all  you  need  is  control  signals  to  accompany  the  Memory  Data 
Bus  and  the  Memory  Address  Bus. 

A  valid  memory  address  is  always  identified  by  a  high-to-low  transition  of  SYN; 
therefore  a  "Valid  Memory  Address"  strobe  may  be  created  using  SYN  to  trigger  a 
one-shot.  Of  the  innumerable  possibilities,  here  is  one: 


A  "Memory  Read"  control  signal  is  easily  created  by  NORing  MO  with  SYN.  This  is 
easily  deduced  from  Figure  17-12. 

Figure  17-13  similarly  illustrates  how  you  can  create  a  "Memory  Write"  control 
signal  by  NORing  M1  with  SYN. 

A  "Memory  Reference"  control  signal  may  be  created  by  MO  or  Ml. 
An  "Instruction  Fetch"  control  signal  is  given  by  00  and  01  both  low. 
MBUSY  is  a  control  input  available  to  you  when  using  slow  memories.  If  your 
memory  is  fast  enough  to  respond  in  the  allowed  time,  then  you  can  create  "MBUSY 
from  SYN  by  using  SYN  to  trigger  a  one-shot,  as  follows: 
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By  modifying  the  duration  of  the  one-shot  you  can  extend  the  low  MBUSY  pulse,  and 
therefore  accommodate  slow  memories. 


A  complex  memory  interface  can  use  MBUSY  to  lock  out  memory  accesses  while 
memory  is  busy  —  for  example,  while  memory  is  responding  to  a  direct  memory  access. 
The  interaction  of  MBUSY  and  SYN  is  discussed  in  the  text  following  Figure  17-12. 
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DATA  SHEETS 


The  following  section-contains  electrical  data  for  the  MicroNova  CPU. 


r- ABSOLUTE  MAXIMUM  RATINGS* 


Supply  Voltage  Range  VBB 
Supply  Voltage  Range  Vqq 
Supply  Voltage  Range  VDD 
Supply  Voltage  Range  Vqq 
Input  Voltage  Range  Vj 
Input  Current  Range  Ij 
Operating  Temperature  Range  TA 
Storage  Temperature  Range  Tgt 
Average  Power  Dissipation 


-2     to     -7    Volts 


-0.3  to  +7  Volts 

-0.3  to  + 13  Volts 

■0.3  to  +  17  Volts 

-0.3  to  +7  Volts 

0  to  6     mAmps 

0  to  +70  °C 


-55    to  +125QC 


1     Watt 


NOTES  All  voltages  in  this  document  are 
referenced  to  Vss   (ground). 

^Subjecting  a  circuit  to  conditions  either 
outside  these  limits  or  at  these  limits  for  an 
extended  period  of  time  may  cause  irreparable 
damage  to  the  circuit.  As  such  these  ratings 
are  not  intended  to  be  used  during  the 
operation  of  the  circuit  Operating 
specifications  are  given  in  the  DC  (STATIC) 
CHARACTERISTICS  TABLE. 
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D.  C.  (STATIC)  CHARACTERISTICS 
mN601 

OPERATING  SPECIFICATIONS 


range      0       to      70  C 
5     t  0,25  Volts 


=  14  ;  1.0  Volts 
=  -4  25  i  ,25  Volts 
=  0  r  0.  0  Volts 


20  mAmps  Average  Igg 
50  mAmps  Average  Igg 
20     mAmps  Average 


j^J__n>Amps  Average 
-150  mAmps  Average 


CHARACTERISTIC 

SYMBOL 

UNITS 

PINS 

LIMITS 

MIN. 

MAX. 

INPUT  LOW  VOLTAGE 

V!L 

Volts 

a  1,3  and  a  2,  4 

-2.0 

-0.5 

MB    0-15    ,  CLAMP 
EXTINT.  DCH  INT 

-10 

+  1  0 

I  O  CLOCK,  !  ODATA  I, 
I  O  DATA  2 

-1,0 

+  0.5 

INPUT  CURRENT  FOR 
LOW  STATE 

'iL 

—- 

a  I,  3  and  a2,4 

+  .01 

MB    0-T5 

0 

-2.0 

EXTINT,   DCTFlNT,  CLAMP 

-2.0 

-4.0 

I  O  CLOCK.  I  O  DATA  t, 
[  O  DATA  2 

-2  0 

-4  0 

INPUT  HIGH  VOLTAGE 

v,„ 

Volts 

al,3  and  a2,4 

+  13.0 

+  15.0 

MB   0-15    ,  CLAMP 
EXTINT,   DCH  INT 

+  4.25 

+  5.8 

1  O  CLOCK.   1  ODATA  1, 
I  O  DATA  2 

+  2.5 

+  5  8 

INPUT  CURRENT  FOR 
HIGH  STATE 

'm 

mAmps 

al.3  and  0  2,4 

-.01 

MB   0-15 

-.06 

I  O  CLOCK,  I  O  DATA  I,  I  O  DATA  2 

-1.0 

extInt.  6<?H  INT 

-.02 

Clamp 

+  .001 

OUTPUT  LOW  VOLTAGE 

vOL 

Volts 

HALT 

+  3.0 

MB    0-15    , 

1  O  INPUT.   PAUSE,- 

SAEG,  WEG     PG 

+  0.4 

I/O  CLOCK,  I/O  DATA  1,  I/O  DATA  2 

+  0.5 

OUTPUT  CURRENT  FOR 

LOW  STATE 

'OL 

mAmps 

PG.  I  O  INPUT   : 

+  4.0 

MB    0-15    .   i  O  CLOCK 
1   O  DATA  1 ,   ,   O  DATA  2 
PAUSE     SAEG     PG     HALT 

+  20 

OUTPUT  HIGH  VOLTAGE 

VOH 

Volts 

MB    0-15 

I  O  CLOCK.  I  O  DATA  I,  I  0  DATA  2 

I  O  INPUT,   PAUSE, 

SAEG    WEG     PG 

+  4  25 

HALT 

Vcc-0-5 

OUTPUT  CURRENT  FOR 
HIGH  STATE 

'OH 

mAmps 

HALT 

- 

-.01 

MB   0-15 

-.06 

1  O  INPUT,  PG 

-.02 

I  O  CLOCK,  I  O  DATA  1,10  DATA  2, 
PAUSE    SAEG,  WEG 

-  01 

INPUT  CAPACITANCE 

Cj 

pF 

a  1,3  and  a2,4 

100 

CLAMP 

MB   0-15    ,   \  O  CLOCK 

1  O  DATA  1 ,  I  O  DATA  2 

EXTINT,   DC  HINT 

10 

NOTE 

Logic  "I"  is  defined  as  the  more  positive  voltage  as  are  the  maximum 
figures  given  under  voltage  limits.  Logic  "0"  is  defined  as  the  more 
negative  voltage  as  are  the  minimum  figures  given  under  voltage  limits. 


i  the  conventional  sense,  is  defined  as  flowing  into 


Positive  current, 
the  pin, 

On  power-up,  Vgg  must  be  within  its  specified  operating  range  (with 
respect  to  Vg$)  before  any  of  the  other  power  supply  voltages  are  ap- 
plied to  the  circuit 
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Chapter  18 

2900  SERIES  AND  6700  SERIES 

CHIP  SLICE  PRODUCTS 

In  the  next  two  chapters  of  this  book  we  are  going  to  summarize  chip  slice  logic 
products. 

We  begin  with  the  2900  and  6700  series  4-bit  slice  products  which  conform  very 
closely  to  the  general  chip  slice  logic  description  given  in  Volume  l(  Chapter  4.  The 
6700  series  product  came  first  and  the  2900  series  represents  a  relatively  small 
enhancement. 

The  MC 10800  series  chip  slice  products  described  in  Chapter  19  represent  a  very 
powerful  and  significant  next  step  in  chip  slice  products;  MC10800  series  pro- 
ducts are  likely  to  account  for  a  significant  share  of  the  chip  slice  market  over  the 
next  few  years. 

3000  series  chip  slice  logic,  which  was  first  introduced  by  Intel,  is  not  described 
in  this  book.  For  the  typical  application,  the  3000  series  product  line  is  obsolete. 
Providing  a  2-bit  slice  rather  than  a  4-bit  slice,  the  3000  product  line  will  require  a 
significantly  higher  chip  count  than  the  2900  or  6700  series,  resulting  in  increased 
cost  with  no  compensating  performance. 

Since  the  2900  and  6700  series  devices  are  very  similar,  this  chapter  is  going  to 
concentrate  on  the  2900  series  —  the  more  recent  product.  Differences  between 
the  2900  series  and  6700  series  products,  where  they  exist,  will  be  identified. 

This  chapter  is  relatively  superficial.  We  are  going  to  describe  the  general 
capabilities  of  the  various  devices,  relying  upon  Volume  I,  Chapter  4  to  provide 
basic  concepts.  If  you  do  not  already  have  a  basic  understanding  of  chip  slice  pro- 
ducts, then  you  should  refer  to  Volume  I,  Chapter  4  before  proceeding  with  this 
chapter. 

All  2900  series  and  6700  series  devices  use  bipolar  LSI  technology. 

The  2900  series  microinstruction  execution  time  is  100  nanoseconds;  the  6700 
series  microinstruction  execution  time  is  200  nanoseconds. 

The  primary  source  for  the  2900  series  chip  slice  logic  is: 

ADVANCED  MICRO  DEVICES 
901  Thompson  Place 
Sunnyvale,  CA    94086 

There  are  two  second  sources  for  the  2900  series  logic: 

MOTOROLA  SEMICONDUCTOR 

Box  20912 

Phoenix,  AZ   85036 

RAYTHEON  SEMICONDUCTOR 

350  Ellis  Street 

Mountain  View,  CA    94042 
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The  primary  source  for  the  6700  series  chip  slice  logic  is: 

MONOLITHIC  MEMORIES 

1 165  East  Arques  Avenue 

Sunnyvale,  CA    94086 


4- bit  wide  shifter 


16  x  4-bits  of 
unassigned 
Register  Block 


4~bit  wide  shifter 


4-bit  wide 
Buffer  Register 


DATA  OUT 

Figure  18-1.  The  2901/6701  Arithmetic  And  Logic  Unit 


THE  2901/6701  ARITHMETIC  AND  LOGIC  UNIT 

(ALU) 

These  devices  constitute  the  center  of  any  chip  slice  logic  product. 

Figure  18-1  illustrates  the  logic  provided  by  a  2901  or  6701  ALU.  Figure  18  1  is  a 
reproduction  of  Figure  4-3  from  Volume  I,  except  that  the  AA  and  BB  Register  Block  ports  have 
been  switched  in  order  to  become  compatible  with  2901  literature. 
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Table  18-1.  2901  ALU  Function  Control 


MICRO  CODE 

ALU 
FUNCTION 

SYMBOL 

15 

14              13 

OCTAL 
CODE 

L 

L               L 

0 

R  Plus  S 

R  +  S 

L 

L               H 

1 

S  Minus  R 

S-R 

L 

H               L. 

2 

R  Minus  S 

R-S 

L 

H               H 

3 

RORS 

RVS 

H 

L               L 

4 

RANDS 

R  AS 

H 

L               H 

5 

RANDS 

R  AS* 

H 
H 

H               L 
H               H 

6 
7 

R  EX-OR  S 
R  EX-NOR  S  ' 

RV-S 

_s» 

Table  18-2,  ALU  Source  Operand  Control 


MICRO  CODE 

ALU  SOURCE 
OPERANDS 

12 

11              10 

OCTAL 
CODE 

R              S 

L 

L               L 

0 

A              Q 

L 

L               H 

1 

A              B 

L 

H               L 

2 

0              Q 

L 

H               H 

3 

0              B 

H 

L               L 

4 

0              A 

H 

L               H 

5 

D           A/B" 

H 

H               L 

6 

D               Q 

H 

H               H 

7 

D              0 

*A  for  2901 
B  for  6701 


The  first  thing  to  notice  about  the  2901/6701  ALU  is  the  fact  that  it  represents  a  4-bit  slice 
through  the  arithmetic  and  logic  unit  of  a  typical  centra!  processing  unit.  But  being  a  discrete  logic 
device,  it  must  provide  more  than  simple  arithmetic  and  Boolean  logic;  it  must  provide  some 
method  of  identifying  data  sources  and  destinations.  Also,  as  we  saw  in  Volume  I,  Chapter  4.  an 
ALU  chip  slice  is  going  to  acquire  some  additional  responsibilities  toward  its  neighbors.  Within 
this  context,  let  us  examine  the  pins  and  signals  of  the  2901  and  6701 ,  as  illustrated 
in  Figure  18-2. 

First  of  all,  note  that  the  ALU  device  receives  two  types  of  input: 

1)  Status  and  control  signals  via  which  it  communicates  with  its  neighbors. 

2)  An  instruction  code,  plus  data,  via  which  it  is  sequenced  by  a  Control  Unit. 


The  focus  of  attention  for  the  2901/6701  ALU  is  the  logic  which  ac-       2901  ALU 
tually  performs  arithmetic  and  logic  operations  —  the  ALU  Block  This       OPERATIONS 
block  of  logic  performs  eight  operations  which  are  specified  by      SPECIFICATION 
instruction  signal  inputs  13,  14  and  15,  as  defined  in  Table 

18-1.  Observe  that  these  eight  functions  consist  of  three  arithmetic  functions  and  four  Boolean 
functions.  Shift  logic  is  missing.  Shift  logic  is  taken  out  of  the  ALU  and  placed  within  source  and 
destination  data  paths.  ___________ 

There  are  two  ALU  Block  sources,  shown  in  Figure  18-2  as  the  R  and       2901  ALU 
S  inputs;  they  are  the  P— P  and  Q— Q  inputs  of  Figure  18-1.  Each       SOURCE 
source  is  four  bits  wide,  since  we  are  dealing  with  a  4-bit  chip  slice.       SPECIFICATION 
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Inputs  may  consist  of: 

1)  External  data  transmitted  from  the  control  unit  to  data  pins  DO  -  D3, 

2)  Temporary  data  extracted  from  a  small,  16  x  4-bit  read/write  memory  within  the  2901/6701. 

3)  The  output  of  a  shifter  or  temporary  4-bit  register,  identified  in  Figures  18-1  and  18-2  as  the 
Q  register.  In  reality,  the  Q  register  is  a  short  circuit  from  ALU  logic  to  ALU  logic  input. 

The  results  of  ALU  operations  may  be  output  directly  from  the  2901/6701  via  the 
YO  -  Y3  output  pins  {DO— DO  in  Figure  18-1);  alternatively,  the  data  may  be 
routed  to  the  Register  Block,  or  the  Q  register. 

The  three  instruction  code  bits,  10  ~  12,  define  what  the  R  and  S  inputs  to  the  ALU 
will  be.  Table  18-2  defines  how  10  - 12  will  be  interpreted. 

Now  take  a  look  at  the  16  x  4-bit  read/write  memory.  We  have  seen  that  2901/6701  logic  allows 
the  contents  of  any  two  4-bit  registers  to  be  output;  also,  data  is  input  to  any  one  of  the  sixteen 
registers.  Externa!  logic  must  define  input  and  output  registers  using  select  pins.  Ideally,  three  4- 
bit  Select  codes  would  be  required: 


V     Select  destination  register  for  2  input 
Z3   J 


B0 J 

B1   ( 

V      Select  source  register  for  B  output 

B3  J 


A0 J 

V     Select  source  register  for  A  output 

A3 ) 


But  that  is  going  to  require  12  pins  —  and  that  is  too  many  pins;  therefore,  the  B  output  address 
code  does  double  duty,  also  providing  the  Z  input  address;  this  eliminates  the  four  Z  pins,  but 
reduces  your  options 

In  summary,  these  1 1  signals  constitute  a  complete  set  of  inputs: 

Three  microinstruction  signals,  10,  II  and  12. 

Two  4-bit  register  select  codes,  BO  -  B3  and  AO  -  A3 

External  logic  must  provide  all  1 1  signal  inputs  simultaneously  for  every  microinstruction's  execu- 
tion, simply  to  define  the  data  entering  the  ALU  Block. 

We  have  not  yet  defined  destination  logic  within  the  2901/6701  ALU  because  the  shifter  and 
destination  logic  are  combined  The  single  ALU  4-bit  result  can  go  to  one  of  three 
places: 

1)  The  output  pins  Y0  -  Y3 

2)  The  Q  register 

3)  The  4-bit  read  /write  memory  register  addressed  by  the  B  input 

Of  these  three  destinations,  two  —  the  Q  register  and  the  read /write  memory  —  are  optionally 
preceded  by  shifter  logic. 

You  could  specify  a  variety  of  destination  options  for  the  ALU  Block  results  which  are  output  via 
R---R.  This  data  may  be  transmitted  to  one.  two  or  all  three  of  the  identified  destinations;  and  for 
two  of  the  destinations  data  may  optionally  be  shifted  It  would  require  five  pins  simply  to  define 
the  possible  combinations  of  shifting  and  destination;  but  there  are  additional  options  Observe 
that  the  contents  of  the  4-bit  register  addressed  by  the  A  address  lines  may  be  output  directly  to 
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DO---DO..  This  data  path  is  an  important  one,  since  we  must  have  some  means  of  output- 
ting  shifting  data  without  transmitting  it  through  the  ALU  Block.  To  enable  all  destination 
combinations  would  require  too  many  pins;  not  only  would  more  pins  be  expensive  in  terms 
of  device  packaging,  but  each  pin  must  be  backed  up  by  a  microinstruction — and  if  you  in- 
crease the  size  of  the  microinstruction  word,  you  will  also  increase  the  size  of.  the  control 
read  only  memory  within  which  the  microprogram  must  be  stored.  Therefore,  a  judicious 
subset  of  the  possible  destination  combinations  is  selected  via  the  three  microinstruction  in- 
put pins  16,  17  and  18.  Table  18-3  defines  the  way  in  which  these  three  microinstructions 
are  decoded 

Let  us  then  summarize  the  signals  which  must  be  input  to  a  2901/6701  simply  to 
identify  a  single  microinstruction. 

The  actual  microinstruction  object  code  must  be  input  via  the  nine  pins  10  -  18. 

Two  4-bit  register  select  codes  must  be  input  via  A0  -  A3  and  BO  -  B3.  These  address  inputs 
must  occur  with  the  execution  of  every  microinstruction. 

A  4-bit  direct  data  nibble  may  or  may  not  be  needed.  If  it  is  needed;  it  must  be  input  along  with 
the  microinstruction  object  code  via  pins  BO  -  B3. 

The  principal  output  created  following  the  execution  of  each  microinstruction  ap- 
pears via  the  pins  Y0  -  Y3. 

A  number  of  timing  and  status  signals  remain  to  be  described. 

Timing  is  controlled  by  a  single  clock  signal  input  via  CP. 

The  ALU  Block  has  two  sets  of  status  signals.  One  set  allows  normal  CPU  statuses  to  be  created, 
the  other  set  enables  carry  look  ahead  logic  The  carry  look  ahead  signals  have  been  described  in 
Volume  I,  Chapter  4. 

These  are  the  normal  status  signals  provided: 

1)  A  Zero  status  shown  in  Figure  18-2  as  FO.  This  signal  is  the  NOR 
of  ALU  Block  outputs.  For  a  number  of  2901/6701  devices,  you 
can  create  an  overall  Zero  status  by  a  wire-OR  of  the  F0  outputs 

2)  The  high  order  bit  of  the  ALU  Block  output  appears  as  the  F3 
status  in  Figure  18-2.  This  status,  when  output  by  the  high  order 
4-bit  ALU  slice,  can  be  used  to  create  a  Sign  status.  The  6701 
does  not  provide  this  status. 

Cn  +  4  and  OVR  are  outputs  which,  when  taken  from  the  high  order 
slice,  can  be  used  to  generate  Carry  and  Overflow  statuses,  respec- 
tively 

Each  of  the  two  shifters  has  a  shift-in  and  a  shift-out  pin  so  that  shifts 
may  be  rippled  from  one  ALU  slice  to  the  next. 


THE  2909  MICROPROGRAM  SEQUENCER 

A  group  of  2901/6701  ALU  slices  must  be  driven  by  microprograms  which  will  be 
stored  in  read  only  memory.  The  read  only  memory  requires  address  logic.  The 
responsibility  of  the  address  logic  is  to  ensure  that  microinstructions  are  fetched 
in  the  correct  sequence,  so  that  in  response  to  an  instruction's  object  code,  the 
ALU  logic  will  perform  necessary  operations. 

The  2909  microprogram  sequencer  provides  you  with  the  logic  needed  to  create 
any  address  sequence  for  instructions  stored  in  a  microprogram  ROM.  Figure  18-3 
illustrates  the  logic  of  the  2909  microprogram  sequencer. 
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Monolithic  Memories  provides  the  67110  Control  Unit  which  performs  the  same 
functions  as  the  2909,  but  in  a  substantially  different  way.  The  671 10  is  not  de- 
scribed in  this  chapter. 

The  most  important  thing  to  note  about  microprogram  sequencer  logic  is  that  it  bears  a  striking 
resemblance  to  the  program  memory  addressing  logic  which  will  be  provided  on  any 
microprocessor  CPU.  The  principal  difference  is  that  microprogram  sequencer  logic  is  more  ele- 
mentary and  therefore  can  execute  faster —  a  necessary  prerequisite  if  microprogram  instruction 
executions  are  to  concatenate  in  order  to  generate  macroprogram  instruction  executions.. 
The  next  important  point  to  note  is  that  the  2909  microprogram  sequencer  logic,  like  the  290 1 
ALU,  is  a  chip  slice  product  Each  29.09  is  a  4-bit  chip  slice.  One  2909  device  is  capable  of 
generating  four  address  lines  —  addressing  just  sixteen  microinstructions  stored  in  ROM,  By  hav- 
ing two  2909  devices  in  parallel,  you  can  create  an  8-bit  address  which  will  access  256 
microinstructions  stored  in  program  ROM.  Each  additional  2909  will  increase  the  size  of  the  ad- 
dress by  four  bits;  and  the  number  of  microinstructions  that  can  be  accessed  will  increase  accor- 
dingly. 

Let  us  take  a  look  at  Figure  18-3.  You  should  begin  by  looking  at  the  multiplexer. 
This  logic  selects  and  outputs  one  of  four  possible  address  inputs.  The  two  control 
signals,  SO  and  S1,  determine  which  of  the  four  addresses  will  be  output, 

The  four  lines  of  the  address  which  is  selected  for  output  are  ORed  individually  with  external  in- 
puts OR0  -  OR3,  then  the  result  of  the  OR  is  ANDed  with  a  possible  zero  input, 

The  reason  for  having  the  individual  ORO  -  OR3  inputs  is  to  allow  branch  logic  to  unilaterally 
modify  an  address  which  is  being  created.  This  is  the  point  at  which  you  would  implement  logic 
associated  with  a  conditional  branch 

The  AND  with  zero  allows  you  to  unilaterally  zero  the  output  address  —  which  you  might  want  to 
do  in  response  to  a  RESTART  or  other  initialization 

These  are  the  four  possible  address  inputs: 

1)  A  direct  address  input  via  the  pins  DO  -  D3.  This  is  an  input  which  you  would  use  initially  to 
start  the  execution  of  a  microinstruction  sequence,  after  decoding  a  macroinstruction  object 
code.  You  could  also  use  these  inputs  subsequently  to  force  a  unilateral  branch, 

2)  The  incremented  contents  of  the  Microprogram  Counter  register  The  Microprogram  Counter 
register  serves  exactly  the  same  function  as  the  Program  Counter  register  in  a  microcom- 
puter. You  would  initially  load  a  starting  address  into  the  Microprogram  Counter  register. 
Subsequently  the  Microprogram  Counter  register  is  going  to  be  the  normal  location  from 
which  the  multiplexer  chooses  its  output  address.  After  each  address  from  the  Microprogram 
Counter  register  is  selected,  the  address  will  be  incremented  and  returned,  just  as  it  would  be 
in  any  microprocessor  Program  Counter  But  there  is  a  difference;  since  we  are  dealing  with  a 
chip  slice  product,  the  total  Microprogram  Counter  register  will  consist  of  a  number  of  4-bit 
sections.  There  will  accordingly  be  a  carry-in  pin  and  a  carry-out  pin,  so  that  incrementing 
can  ripple  down  from  one  4-bit  section  to  the  next. 

There  is  an  additional  feature  of  Microprogram  Counter  register  logic.  As  described  in 
Volume  I,  Chapter  4,  it  is  frequently  necessary  to  re-execute  the  same  microinstruction  many 
times.  For  example,  you  may  execute  a  no  operation  code  a  number  of  times  in  order  to 
maintain  synchronization  between  microinstructions  and  the  macroinstruction  system  clock. 
You  may  also  re-execute  a  Shift  or  Rotate  microinstruction  many  times  to  perform  multiple 
shifts  or  rotates.  In  order  to  save  on  microprogram  ROM,  you  can  inhibit  the  Microprogram 
Counter  register  increment  logic  by  inputting  a  high  value  at  the  CI  input  to  the  low  order  four 
bits  of  the  Microprogram  Counter  register,  Clearly,  this  carry  input  must  be  zero  in  the  normal 
course  of  events,  since  there  is  no  lower  shift  that  could  possibly  generate  a  legitimate  carry 
input: 
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3)  Just  as  assembly  language  programs  can  contain  subroutines,  so  a  microinstruction  program 
can  also  contain  subroutines.  From  our  discussion  of  microprogramming  in  Chapter  4  of 
Volume  I.  you  will  recall  that  having  subroutines  in  a  microprogram  is  a  very  desirable  feature. 
For  example,  large  portions  of  an  instruction  fetch,  a  memory  read  and  a  memory  write  will 
be  implemented  via  exactly  the  same  microinstruction  sequences.  By  including  these 
microinstruction  sequences  in  a  microprogram  subroutine,  you  can  save  significant  amounts 
of  microprogram  memory.  Microprogram  subroutines  are  just  as  useful  and  memory-saving 
devices  as  assembly  language  subroutines.  However,  since  microprograms  are  likely- to  be 
shorter  than  assembly  language  programs,  the  2909  provides  a  four-level  subroutine  Stack. 
This  means  that  you  can  nest  microprogram  subroutines  to  a  depth  of  four.  By  inputting  FILE 
ENABLE  low,  you  can  pop  the  top  of  the  four-deep  Stack  into  the  multiplexer,  or  you  can 
push  the  Microprogram  Counter  contents  into  the  top  of  the  Stack,  Signal  PUP,  when  high, 
forces  the  push;  when  low,  PUP  forces  a  pop. 

4)  The  fourth  possible  input  for  the  multiplexer  address  is  the  contents  of  the  Address  register. 
You  can  at  any  time  input  an  address  to  the  Address  register  via  the  R0  -  R4  pins. 

The  OE  control  input  allows  you  to  disconnect  the  microprogram  sequencer  from 
the  Address  Bus.  Thus,  address  outputs  may  be  floated. 

Observe  that  although  the  2909  microprogram  sequencer  provides  a  good  deal  of 
the  logic  needed  in  order  to  create  address  sequences,  a  great  deal  of  additional 
logic  must  still  be  provided  in  order  to  access  microprogram  sequencer  logic  ap- 
propriately. 


THE  2902  CARRY  LOOK  AHEAD 

This  device  serves  just  one  function:  when  performing  binary  addition  it  creates 
parallel  carry  inputs  for  those  4-bit  slices  that  are  going  to  need  a  carry.  Carry  look 
ahead  logic  has  been  described  in  detail,  in  Volume  I,  Chapter  4.  We  will  therefore 
provide  a  simple  summary  of  this  device  in  this  chapter. 

Suppose  two  16-bit  binary  numbers  are  to  be  added.  If  each  16-bit  number  is  implemented  in 
four  4-bit  slices,  then  how  are  you  going  to  generate  the  carry  for  the  second,  third  and  fourth  4- 
bit  slice?  You  could  perform  the  binary  addition  in  four  steps  ~~  in  which  case  at  the  conclusion 
of  each  step  you  would  generate  the  necessary  carry  for  the  next  step,  This  is  an  unsatisfactory 
method  of  performing  binary  addition  when  using  chip  slice  logic  because  it  is  slow.  The  whole 
purpose  of  chip  slice  logic  is  to  obtain  maximum  execution  speed.  The  alternative  is  to  create  a 
device  which  will  anticipate  the  carry  that  would  be  generated  and  provided  so  that  all  four  seg- 
ments of  the  16- bit  binary  addition  can  be  performed  simultaneously.  That  is  exactly  what  the 
2902  device  does. 

Figure  18-4  illustrates  the  way  in  which  a  2902  Carry  Look  Ahead  device  will  con- 
nect to  2901  ALU  slices. 

As  illustrated  in  this  figure,  the  2902  device  can  compute  carry  look  ahead  for  up  to  three  4-bit 
slices  —  which  means  that  it  will  support  a  16-bit  word;  remember,  the  low  order  slice  does  not 
need  any  carry  look  ahead. 

You  can  generate  carry  look  ahead  for  larger  words  by  using  a  number  of  2902s  together. 
In  order  to  generate  carry  look  ahead,  the  2902  receives,  as  inputs,  the  Carry  Generate  and  Carry 
Propagate  signals  from  the  2901/670 1  ALU  slices.  For  a  discussion  of  this  carry  look  ahead  logic 
see  Volume  I,  Chapter  4. 
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DATA  SHEETS 

The  following  pages  contain  specific  electrical  and  timing  data  for  the  2900  series  devices  de- 
scribed in  this  chapter. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature  

Temperature  (Ambient)  Under  Bias 


-65  Cto+150°C 


Supply  Voltage  to  Ground  Potential 


-55  Cto+125°C 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +6.3  V 


DC  Input  Voltage 


-0.5  V  to  +VCC  max. 


DC  Output  Current,  Into  Outputs 


-0.5  V  to  +5.5  V 


DC  Input  Current 


OPERATING  RANGE 


-30  mA  to  +5.0  mA 


P/N 

Ambient  T 

smperature 

vCc 

Am2901PC,  DC 

0DC  to 

+70°C 

4.75  V  to  5.25  V 

Am2901DM,  FM 

-55°C  tc 

+125°C 

4.50  V  to  5.50  V 

STANDARD  SCREENING 

(Conforms  to  MIL-STD-883  for  Class  C  Parts) 


•Not  applicable  for  Am2901PC 


Stop 

MIL-STD-883 
Method 

Condition! 

Level 

Am2901PC,  DC 

Am2901DM,  FM 

PreSeal  Visual  Inspection 

2010 

B 

100% 

100% 

Stabilization  Bake 

1008 

24-hour 
C      150°C 

100% 

100% 

Temperature  Cycle 

1010 

c     -65°  C  to+150°C 
10  cycles 

100% 

100% 

Centrifuge 

2001 

B      10,000  G 

100%    " 

100% 

Fine  Leak 

1014 

A     5x  10™8  atm-cc/cm3 

100%   * 

100% 

Gross  Leak 

1014 

C2   Fluorocarbon 

100%   * 

100% 

Electrical  Test 

Subgroups  1  and  7 

5004 

See  below  for 
definitions  of  subgroups 

100% 

100% 

Insert  Additional  Screening  h 

ere  for  Class  B  Parts 

Group  A  Sample  Tests 
Subgroup  1 
Subgroup  2 
Subgroup  3 
Subgroup  7 
Subgroup  8 
Subgroup  9 

5005 

See  below  for 
definitions  of  subgroups 

LTPD  =  5 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 

LTPD  =  5 
LTPD  -  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 

ADDITIONAL  SCREENING  FOR  CLASS  B  PARTS 


Step 

MJL-STD-883 
Method 

Conditions 

Level 

Arn2901DMB,FMB 

Burn- In 

1015 

D            125°c 
160  hours  mirt. 

100% 

Electrical  Test 
Subgroup  1 
Subgroup  2 
Subgroup  3 
Subgroup  7 
Subgroup  9 

5004 

100% 
100% 
100% 
100% 
100% 

Return  to  Group  A  Tests  in  Standard  Screening 

ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Order 
Number 


Molded  DIP 

Hermetic  DIP 

Hermetic  DIP 

Hermetic  Flat  Pack 

Dice 


0  C  to  +70  C 

0°C  to  +70°  C 

-55°Cto+125°C 

-55°Cto+125°C 

0°C  to  +70° C 


AM  2901  PC 
AM2901DC 
AM2901DM 
AM2901FM 
AM2901XC 


GROUP  A  SUBGROUPS 

(as  defined  in  MIL-STD-883,  method  5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25°  C 

2 

DC 

Maximum  rated  temperature 

3 

DC 

Minimum  rated  temperature 

7 

Function 

25°  C 

8 

Function 

Maximum  and  minimum  rated 
temperature 

9 

Switching 

25°C 

10 

Switching 

Maximum  Rated  Temeperature 

11 

Switching 

Minimum  Rated  Temperature 
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ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  RANGE  (Unless  Otherwise  Noted) 
(Group  A,  Subgroups  1,  2  and  3) 

Typ. 
Parameters  Description Test  Conditions  (Note  d  Min.  iNot«2| 


Output  HIGH  Voltage 


t  Leakage  Current 


Output  LOW  Voltage 


Input  Clamp  Voltage 


Input  LOW  Current 


it  HIGH  Current 


VCC  = 
V|N* 


Y0. 


= -1 6mA 
Vi.Y2.Y3 


l0H  -  -800mA,  OVR.P 


t0H  =-600>jA,  F3 


Iqh  =  -600^A 
All  RO/LI,  LO/RI 


VCC  -  MIN...  Vqh  =  5  5V 
V(N  =  ViHorV|L 


VCC='MIN  , 
V|N  =  V,Ho- 


Iql  °  16mA 
YQ.Yi.Y2.Y3 


lOL  =  10mA.  Cn+4.  F=0 


Iql  =  8  0mA,  OVR.P 


Iql  =  6.0mA.  F3 
All  RO/LI,  LO/RI 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


Vcc  =  MIN  .  t|N  = 


VCC  =  MAX 
V|N  =  0.5V 


*  MAX 
=  2.7V 


All  LO/RI.  RO/LUNotc4) 


24 


HLO/RI/RO/LIII 


Vcc  =  MAX.,  V|N  =  5  5V 


it  Short  Circuit  Current 


Power  Supply  Current 


Y0.  Y1t 
Y2.Y3 


Vq  =  2.4V 
(Note  5) 


V0  =  0  5V 
(Note  5) 


Y0.  Yl.Y2.Y3.G 


All  RO/LI,  LO/RI 


Notes:  1 
2 
3 

For  conditions  shown  as  MIN  or  MAX,  use  the  appropriate  value  specified  under  Electrical  Char 

Typical  limits  are  at  Vcc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time,    Ouration  of  tho^short  circuit  test  shoulc 

4 

LO/R!  and   RO/LI   are  three-state  outputs  internally  connected  to  TTL   inputs    Input  characto 

that  the  three-state  output  is  OFFt 

eristics  for  the  applicable  devii 
it  exceed  one  second. 
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GUARANTEED  OPERATING  CONDITIONS 

Tables  I,  It,  and  Ml  below  define  the  timing  requirements  of 
the  Am2901  in  a  system.  The  Am2901  is  guaranteed  to 
function  correctly  over  the  operating  range  when  used  within 
the  delay  and  set-up  time  constraints  of  these  tables  for  the 
appropriate  device  type.  The  tables  are  divided  into  three 
types  of  parameters;  clock  characteristics,  combinational  delays 
from  inputs  to  outputs,  and  set-up  and  hold  time  requirements. 
The  latter  table  defines  the  time  prior  to  the  end  of  the  cycle 
(i.e.,  clock  LOW-to-HIGH  transition)  that  each  input  must  be 
stable  to  guarantee  that  the  correct  data  is  written  into  one  of 
the  internal  registers. 

The  performance  of  the  Am2901  within  the  limits  of  these 
tables  is  guaranteed  by  the  testing  defined  as  "Group  A, 
Subgroup  9"  Electrical  Testing.  For  a  copy  of  the  tests  and 
limits  used  for  subgroup  9,  contact  Advanced  Micro  Devices? 
Product  Marketing. 

TABLE  II 
MAXIMUM  COMBINATIONAL  PROPAGATION  DELAYS  (all  in  ns,  CL<  15pF) 


CYCLE  TIME  AND  CLOCK  CHARACTERISTICS 


TIME 

Am2901DC 

Am2901DM 

Minimum  Read-Modify-Write 
Cycle  (time  from  selection 
of  A,  B  registers  to  end  of 
cycle) 

105  ns 

120  ns 

Maximum  Clock  Frequency  to 
Shift  Q  Register  (50%  duty 
cycle) 

9  5  MHz 

8,3  MHz 

Minimum  Clock  LOW  Time 

30  ns 

30  ns 

Minimum  Clock  HIGH  Time 

30  ns 

30  ns 

Minimum  Clock  Period 

105  ns 

120  ns 

Am2901DC 

Am2901DM 

\.            To 

From\°UtptJt 
Input            ^v 

Y 

F3 

Cn+4 

G,  P 

F=0 
RL  = 
470 

OVR 

RO,  LO 

Y 

^3 

Cn+4 

G,  P 

F  =  0 

Rl= 

470 

OVR 

RO,  LO 

RAM 

Q 

RAM 

Q 

Clock         Jf~" 

115 

85 

100 

100 

110 

95 

105 

60 

125 

95 

110 

110 

120 

105 

115 

65 

A,  B 

110 

85 

80 

80 

110 

75 

110 

_ 

120 

95 

90 

90 

120 

85 

120 

D 

100 

70 

70 

70 

100 

60 

60 

- 

110 

80 

75 

75 

110 

65 

65 

Cn 

55 

35 

30 

- 

50 

40 

55 

60 

40 

30 

_ 

55 

45 

60 

'012 

85 

65 

65 

65 

80 

65 

80 

- 

90 

70 

70 

70 

85 

70 

85 

'345 

70 

55 

60 

60 

70 

60 

65 

■ 

75 

60 

65 

65 

75 

65 

70 

'678 

55 

- 

- 

- 

- 

- 

45 

45 

60 

- 

_ 

_ 

_ 

_ 

50 

50 

OE  Enable/Disable 

40/25 

- 

- 

- 

- 

_ 

- 

- 

40/25 

- 

- 

_ 

_ 

_ 

A  bypassing 
ALU(l  =  2xx) 

60 

65 

_ 

_ 

- 

- 

- 

_ 

- 

SET-UP  AND  HOLD  TIMES  (minimum  cycles  from  each  input) 

Set  up  and  hold  times  are  defined  relative  to  the  clock  LOW-to- 
HIGH  edge.  Inputs  must  be  steady  at  all  times  from  the  set-up 


time  prior  to  the  clock  until  the  hold  time  after  the  clock.  The 
set-up  times  allow  sufficient  time  to  perform  the  correct 
operation  on  the  correct  data  so  that  the  correct  ALU  data 
can  be  written  into  one  of  the  registers. 


Set-Up  and  Hold  Tim 

35  (all  in  ns 

(Note  1 ) 

TABLE  III 

From  Input 

Notes 

Am2901DC 

Am2901DM 

Set-Up  Time 

Hold  Time 

Set-Up  Time 

Hold  Time 

A,  B 
Source 

2,3,4 

105 
tpwL  +  30 

0 

120 
tpwL.+  30 

0 

B  Dest 

2,4 

tpwL  +  15 

0 

tpwL+  15 

0 

D 

100 

0 

110 

0 

Cn 

55 

0 

60 

0 

'012 

85   . 

0 

90 

0 

!345 

70 

0 

75 

0 

'678 

4 

tpwL  +  15 

0 

tpwL  +  15 

0 

RI.-LI  (RAM  or  Q) 

30 

0 

30 

0 

Notes:  1.   See  Figure  11  s 

2.    If  the  B  addres 

"B  dost."  sot-u 

nd  12. 

s  is  used  as 

source  operand,  allow  for 

the  "A,  B  source"  set-up  tir 

ne;  if  it  is  used  onty  for  the 

destina 

tion  address,  gse  the 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5  V  to  +VCq  max. 

DC  Input  Voltage 

-0.5  V  to  +7.0  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

P/N 

Ambient  Temperature 

VCC 

Am2909PC,  DC 

0°C  to  +70°C 

4.75  V  to  5.25  V 

Am2909DM,FM 

-55°C  to+125°C 

4.50  V  to  5.50  V 

STANDARD  SCREENING 

(Conforms  to  MIL-STD  883  for  Class  C  Parts) 


Stop 

MILSTD^83 

Method 

Conditions 

Level 

Am2909PC,  DC 

Am2909DM,  FM 

Pre-Seai  Visual  Inspection 

2010 

B 

100% 

100% 

Stabilization  Bake 

1008 

24 -hour 
C      150°C 

100% 

100% 

Temperature  Cycle 

1010 

-65°Cto  +  150°C 
10  cycles 

100% 

100% 

Centrifuge 

2001 

B     10,000  G 

100%   ■ 

100% 

Fine  Leak 

1014 

A     5x10-8  atm-cc/cm3 

100%    * 

100% 

Gross  Leak 

1014 

C2   Ftuorocarbon 

'  100%    ' 

100% 

Electrical  Test 

Subgroups  1  and  7 

5004 

See  below  for 
definitions  of  subgroups 

100% 

100% 

Insert  Additional  Screening  here  for  Class  B  Parts 

Group  A  Sample  Tests 
Subgroup  1 
Subgroup  2 
Subgroup  3 
Subgroup  7 
Subgroup  8 
Subgroup  9 

5005 

See  below  for 
definitions  of  subgroups 

LTPD  =  5 
LTPD  =7 
LTPD  -  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 

LTPD  =■  5 
LTPD  -  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 
LTPD  =  7 

•Not  applicable 


ADDITIONAL  SCREENING  FOR  CLASS  B  PARTS 


Step 

MILSTO-883 
Method 

Conditions 

Level 

Am2909DMB,  FMB 

Burn-In 

1015 

D            125°C 
160  hours  min. 

100% 

Electrical  Test 
Subgroup  1 
Subgroup  2 
Subgroup  3 
Subgroup  7 
Subgroup  9 

5004 

100% 
100% 
100%    . 
100% 
100% 

Return  to  Group  A  Tests  in  Standard  Screening 

ORDERING  INFORMATION 


Package 
Type 


Temperature 

Range 


Order 

Number 


Molded  DIP 

Hermetic  DIP 

Hermetic  DIP 

Hermetic  Fiat  Pack 

Dice 


0  C  to  +70  C 

0°C  to  +70°C 

-55°Cto+125°C 

-55°Cto+125°C 

0°C  to  +70°C 


AM2909PC 
AM2909DC 
AM  2909  DM 
AM  2909  FM 
AM2909XC 


GROUP  A  SUBGROUPS 

{as  defined  in  MIL-STD-883,  method  5005) 


Subgroup 

Parameter 

Temperature 

1 

DC 

25°C 

2 

DC 

Maximum  rated  temperature 

3 

DC 

Minimum  rated  temperature 

7 

Function 

25°C 

8 

Function 

Maximum  and  minimum  rated 
temperature 

9 

Switching 

25°  C 

10 

Switching 

Maximum  Hated  Temcperature 

11 

Switching 

Minimum  Rated  Temperature 
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ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  {Unless  Otherwise  Noted) 

Am2909XC  TA  =  0°C  to  +70° C  Vcc  -  5.0 V  ±5%  (COM'L)         MIN,  =  4.75V        MAX.  =  5.25V 

Am2909XM  TA  =  -55°C  to +125°C  Vcc  =  5,0  V  i  10%  (MIL)  MIN.  =  4.50V        MAX.  =  5  50V 

Parameters  Description  Test  Conditions  [Note  1) 


Typ. 
Min„        (N01 


Max.         Units 


VOH 

Output  H[GH  Voltage 

VCC  =  M)N„ 

V|N  =  V|HorV,L" 

MIL 

lOH  =  ~1-0mA 

2.4 

Volts 

COM'L 

IQH  =  -2.6mA 

2.4 

Vol 

Output  LOW  Voltage 

VCC  =  MIN., 
V,N  =  V!Hor  ViL 

'OL  =  4,0mA 

0.4 

Volts 

'OL  =  8  0mA 

0.45 

Iqls  12mA 
(Note  5) 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
vortage  for  all  inputs 

2  0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

08 

V| 

Input  Clamp  Voltage 

VCC=  MIN.,  I|N  =  ~18mA 

-1.5 

Volts 

«IL 

input  LOW  Current 

Vcc=  MAX., 
V!N  =  04V 

Cn 

-1..08 

- 

Push /Pop,  OE 

-0  72 

Others 

-036 

l|H 

Input1  HIGH  Current 

VCC  =  MAX  , 
V,N  =  2,7V 

Cn 

40 

yA 

Push/Pop 

40 

Others 

20 

t| 

Input  HIGH  Current 

VCC  =  MAX,     . 
V!N  =  7  0V 

Cn,  Push/Pop 

02 

mA 

Others 

0,1 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-30 

-85 

mA 

'cc 

Power  Supply  Current 

*VCC  »  MAX.  (Note  4) 

80 

130 

mA 

"oz 

Output  OFF  Current 

VCC=MAX„ 
OE  =  2  7V 

VOUT=0  4V 

-20 

jjA 

V0UT  =  2,7V 



20 

Notes:  1     For  conditions  shown  as  MIN    oi 

2  Typical  limits  are  at  Vcc  «  5  0V, 

3  Not  more  than  one  output  shoulc 
4.    Apply  GND  to  Cn     R0.   H,,    R2, 

LOW  to-HIGH  clock,  transition. 
5     The  12mA  output  applies  only  to 


•  MAX  .  use  the  appropriate  value  specified  under  Electrical  C 
25°  C  ambieni  and  maximum  loading 

be  shorted  at  a  time    Duration  of  the  short  circuit  test  should 
R3,  ORq.  OR,.  OR2.  OR3.  DQ,  D-j,  D2.  and   D3    Other  inpi 
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TYPICAL  Am2909  AC  CHARACTERISTICS  (All  in  ns) 


TABLE  i 
CLOCK  REQUIREMENTS 


tpwL 

30 

*pw^ 

30 

TABLE  M 

COMBINATORIAL 

PROPAGATION  DELAYS 


TABLE  III 

CLOCK  CONTROLLED 

PROPAGATION  DELAYS 


TABLE  IV 

SET-UP  AND  HOLD  TIME 

REQUIREMENTS 


^.OUTPUTS 
INPUTS^v^ 

Yj 

Cn*4 

OE 

15 

- 

ZERO 

20 

30 

ORj 

10 

20 

%  Si 

20 

30 

Dj 

10 

20 

Cn 

~ 

10 

FUNCTIONAL  PATH 

CLOCK 
TO  Yj 

CLOCK 
TOCn  +  4 

VIA 
INSTRUCTION  REG 

25 

30 

VIA 

U  PROGRAM  COUNTER 

25 

30 

VIA 

FILE-PUSH  MODE 

35 

40 

VIA 

FILE-POP  MODE 

40 

45 

EXTERNAL 
INPUTS 

** 

*h 

RE 

15 

0 

Ri 

10 

0 

PUSH/POP 

10 

0 

— 

10 

0 

cn 

10 

0 

Di 

15 

0 

ORj 

15 

0 

S0.  Si 

25 

0 

ZERO 

25 

0 

TA  =  25   C  R,    -  2kfi 


"       7 

"                 (TABLE  II                 "H                                                                       P         (TaTlE 
L                                                    \\  \CLOCK  H  TO  L  OCCURS.  \\ 

7 

.... 

f    .„ 

|„                                          ,    \            _ 

i 

|                                          ITABLE  IV) 

1        ITABLE  IVI 

ALL  INPUTS 

mm 

m- 

CLOCK  TO¥;or  Cnl)S                                                               (TABLE  III 

ITABLE  !llt 

"CI 

TOXTOffiTOft' 

MMMMma 

Figure  12.  Switching  Waveforms.  See  Tables  for  Specific  Values. 
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Chapter  19 

THE  MC10800  SERIES  CHIP 

SLICE  LOGIC 

The  MC10800  chip  slice  logic  devices  manufactured  by  Motorola  Semiconductor 
represent  the  most  recently  introduced  chip  slice  logic  products.  These  devices 
will  be  available  in  commercial  quantities  by  early  1977,  offering  three  very  sig- 
nificant enhancements  over  the  2900/6700  logic  which  we  described  in  Chapter 
18: 

1)  MC 10800  devices  are  manufactured  using  Emitter  Coupled  Logic  (ECL),  which 
creates  very  high  speed  devices.  We  cannot  exactly  define  microinstruction  execution  times, 
because  you  have  great  flexibility  in  determining  events  which  will  occur  within  a 
microinstruction;  however,  individual  events  within  the  arithmetic  and  logic  unit  are  executed 
in  the  range  5  to  50  nanoseconds. 

2)  If  you  are  familiar  with  central  processing  unit  design,  it  will  be  apparent  to  you  that  the  2900 
series  and  6700  series  chip  slice  products  are  going  to  require  a  significant  amount  of  addi- 
tional interface  logic.  This  additional  interface  logic  must  be  created  out  of  standard  digital 
logic  packages.  The  MC10800  series  covers  a  substantially  greater  portion  of 
norma>  central  processing  unit  logic;  thus  in  most  cases  it  will  result  in  smaller  chip 
counts. 

3}  MC10800  series  devices  are  more  flexible  and  more  powerful  than  2900 
series  or  6700  series.  They  are  more  flexible  because  they  allow  more  data  flow  options. 
They  are  more  powerful  because  they  enable  more  CPU  operations  —  and  they  distribute 
logic  in  a  manner  better  suited  to  central  processing  unit  design.  As  a  result,  however,  the 
MC  10800  series  chip  slice  products  will  use  a  larger  microinstruction  object  code  than  the 
2900  or  6700  chip  slice  products;  and  that  will  translate  into  a  larger  control  read-only 
memory. 

Figure  19-1  illustrates  the  devices  which  constitute  the  MCI 0800  device  set  and 
the  way  in  which  they  connect  in  order  to  generate  a  central  processing  unit. 

The  MC10800  ALU  represents  a  4-bit  slice  through  an  Arithmetic  and  Logic  Unit. 

In  contrast  to  the  2901  and  6701,  the  MC10800  does  not  include  read/write  memory  for 
registers.  You  create  a  register  file  with  external  memory;  that  allows  you  to  design  central  pro- 
cessing units  with  a  substantial  number  of  programmable  registers.  Combining  the  register  file 
and  the  MC  10800  ALU  chip  slice,  you  have  logic  equivalent  to  an  ALU  chip  slice  as  described  in 
Volume  I.  Chapter  4. 

The  microprogram  which  drives  the  entire  system  will  be  stored  in  a  control 
memory  which  is  sequenced  by  the  MC  10801  Microprogram  Control  Unit.  Each 

MC  10801  provides  a  4-bit  slice  of  the  total  control  memory  sequencing  logic.  Conceptually  the 
MC  10801  does  not  differ  from  the  description  given  in  Volume  I,  Chapter  4;  however,  in  imple- 
mentation it  does.  The  MC  10801  Microprogram  Control  Unit  has  16  instruction  codes  which 
allow  you  to  sequence  microinstructions  within  control  memory  using  branch-on-condition, 
subroutine  and  interrupt  logic.  There  is  no  limit  to  the  manner  in  which  you  create  microinstruc- 
tion execution  sequence  logic;  sequences  may  depend  on  status  conditions  created  within,  or 
beyond  the  ALU;  moreover,  external  interrupts  may  directly  influence  microinstruction  se- 
quences. 
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Figure  19-1.   MC  10800  Series  Devices  In  A  Central  Processing  Unit  Configuration 

The  MC10803  Memory  Interface  device  performs  all  of  the  memory  addressing 
operations  required  to  address  program  and  data  memory.  This  device  contains  its  own 
small  arithmetic  and  logic  unit,  so  that  computations  needed  by  indexed  addressing  or  any  other 
addressing  scheme  do  not  use  the  ALU  logic  —  and  can  therefore  proceed  in  parallel.  The 
MC  10803  is  also  a  4-bit  slice  product  which  can  be  cascaded  to  any  word  size;  it  has  sufficient 
capabilities  to  handle  all  common  memory  addressing  schemes,  ranging  from  the  simplest 
microcomputer  to  the  largest  mainframe  computer  Using  a  2901  or  6701  ALU  slice  product  you 
must  perform  memory  addressing  operations  using  ALU  logic  and  the  16  RAM  locations  provided 
within  the  ALU  slice  itself 

The  MC  10802  timing  device  can,  under  program  control,  create  four  timing  sig- 
nals, with  any  required  signal  interactions  or  interdependences.  This  is  not  a  chip  slice  part,  but  if 
four  timing  signals  are  insufficient,  additional  MC  10802  devices  will  be  needed  to  create  addi- 
tional timing  signals. 

If  you  look  at  Figure  19-1,  you  will  see  that- the  various  devices  described  cover  a  substantial  por- 
tion of  the  logic  within  any  central  processing  unit.  This  is  in  marked  contrast  to  2.900  series  or 
6700  series  devices  which  leave  undefined  a  great  deal  of  memory  interface  logic,  timing  logic 
and  control  memory  -  ALU  interface  logic  undefined. 

We  will  now  look  at  each  of  the  MC  10800  series  devices  in  overview.  These 
overviews  will  summarize  the  capabilities  of  devices;  however,  refer  to  manufac- 
turer's literature  for  detailed  information. 

MC10800  series  devices  are  manufactured  by: 

MOTOROLA  SEMICONDUCTOR 

Box  20912 

Phoenix,  Arizona    85036 

At  the  present  time  there  is  no  second  source. 

All  devices  are  manufactured  using  Emitter  Coupled  Logic.  Devices  are  fabricated  using  unique 
Quad  Inline  Packages,  which  provide  two  sets  of  parallel  pins  on  each  side  of  the  package.  This 
configuration  will  require  special  modifications  to  existing  PC  cards;  however,  it  results  in  very 
compact  packaging. 


19-2 


<     A  BUS 

1 

V       i 

J 

t                   i 

i 

LATCH    1 

MUX 

< 

r™, 

1    MASK    M 

> 

OUTPUT 

BUS 
CONTROL 

f  U 

ARITHMETIC 
LOGIC 
UNIT 

ii 

PAR  CAR   ^t ■— ■■— 

ACCUMULATOR 

1' 

1 

** 

JL 

' 

MUX 

-< 

SHIFT 
NETWORK 

i 

_ 

i    i 

T— - 

—U   *n 

>         T 

* 

1 

f                      * 

' 

INPUT 

BUS 

CONTROL 

I 


Figure  19-2.  The  MC10800  ALU  Slice  Functional  Diagram 

THE  MC10800  ARITHMETIC  AND  LOGIC 
UNIT  SLICE 

Figure  19-2  illustrates  the  data  flows  and  logic  functions  of  the  MC 10800  ALU 
slice. 

The  Arithmetic  and  Logic  Unit  block  is  similar  to  logic  with  the  same  name,  as  described  for  the 
2901/6701  — or  the  general  case  ALU  logic,  as  described  in  Volume  !,  Chapter  4. 

Functions  which  the  Arithmetic  and  Logic  Unit  can  perform  include: 

•  Binary  and  BCD  addition  and  subtraction 

•  Boolean  operations,  AND.  OR  and  Exclusive-OR 

•  Status  signals  generated  by  the  Arithmetic  and  Logic  Unit  are  comprehensive  and  adequate.  PG 
and  GG  are  standard  carry  look  ahead  signals.  OF  is  an  Overflow  status.  Carry  In  (CIN)  and  Carry 
Out  (COUT)  allow  arithmetic  operations  to  be  performed  by  a  number  of  cascaded  ALU  slices. 
Notice  that  there  is  a  Parity  status. 

•  ALU  logic  automatically  creates  statuses  appropriate  for  BCD  or  binary  arithmetic. 
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Table  19-1.  MC 10800  ALU  Logical  Operations 


YMUX 

XMUX 

INVERT 

ACC 

FUNCTION 

ASO 

AS1 

AS2 

AS3 

AS10 

AS5AAS6 

LOGIC  0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

A 

0 

0 

0 

1 

1 

0 

0 

0 

o 

1 

0 

0 

0 

A 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

AVO 

0 

1 

0 

0 

0 

0 

AVO 

1 

0 

0 

0 

0 

0 

AVO 

0 

0 

0 

0 

1 

0 

A  AO 

0 

1 

1 

1 

1 

0 

A  AO 

0 

1 

0 

0 

1 

0 

A  AO 

0 

1 

1 

0 

1 

0 

A¥0 

0 
0 

1 

0 

1 

0 

0 

0 

0 
0 

0 
0 

A¥0 
A  AO 

0 

0 

1 

1 

0 

0 

AVO 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

0 

LOGIC  j_ 
ACC  A  A 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

ACC  AO 
ACCVA 

0 

1 

0 

1. 

0 

ACCVO 

0 

0 

1 

0    . 

1 

ACCV-A 

0 

0 

1 

0 

0 

ACCV-A 

0 

0 

0 

1 

1 

ACCVHD 

0 

0 

0 

1 

0 

ACCV-0 

0 

0 

0 

0 

1 

ACCV-A  AO 

0 

0 

0 

0 

0 

ACC-VAAO 

0 
0 

0 

0 

1 
1 

1 

1 

1 

0 

ACC-VAVO 
ACC-V-AVO 

AS4=1 
AS11  = 
AS  12=0 
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Table  19-2.  MC 10800  Arithmetic  Operations 


?Not  defined  in  BCD 


AS2  ■ 
AS3- 


AS10  ■ 
<AS11  - 


YMUX 

X  MUX 

±2 

COMP. 

ACC 

BINARY  FUNCTION 
(PLUS  C|N) 

BCD  FUNCTION 
<PLUS  C|N) 

ASO 

AS1 

AS2 

:  AS3 

AS4 

AS  10 

AS5AAS6 

AS11  =  1 

AS11=0 

1 

0 

0 

1 

1 

0 

A  PLUS  0 

A  PLUS  0 

1 

0 

0 

1 

0 

0 

A  PLUS  0 

A  PLUS  9s  COMP  0 

0 

1 

1 

0 

0 

0 

0  PLUS  A 

0  PLUS  9s  COMP.  A 

0 

0  < 

1 

0 

1 

0 

A 

A 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

A 

9s  COMP.  A 

0 

1 

1 

0 

1 
1 

0 

1 

0 

1 

0 

1 

0 

1 
1 

0 
0 
0 

0 
-1  PLUS  A 
-1  PLUS  0 

9s  COMP.  0 

1 

1 

1 

0 

0 

1 

0 

-2  PLUS  A 

* 

1 

1 

0 

1 

0 

1 

0 

-2  PLUS  0 

* 

0 

0 

1 

0 

0 

1 

0 

+  2  PLUS  A 

+ 2  PLUS  A 

0 

0 

0 

1 

0 

1 

0 

+  2  PLUS  0 

+  2  PLUS  0 

-    1 

0 

1 

0 

1 

0 

A  PLUS  A 

A  PLUS  A 

0 

1 

0 

1 

1 

0 

0  PLUS  0 

0  PLUS  0 

0 

0 

1 

0 

1 

ACC  PLUS  A 

ACC  PLUS  A 

0 

0 

0 

1 

1 

ACC  PLUS  0 

ACC  PLUS  0 

0 

0 

1 

0 

0 

ACC  PLUS  A 

ACC  PLUS  9s  COMP.  A 

0 

0 

0 

1 

0 

ACC  PLUS  0 

ACC  PLUS  9s  COMP.  0 

0 

0 

0 

0 

1 

ACC  PLUS  AAO 

ACC  PLUS  AAO 

0 

0 

0 

0 

0 

ACC  PLUS  AAO 

ACC  PLUS  9s  COMP.  AAO 

0 

0 

1 

1 

1 

ACC  PLUS  AVO 

• 

0 

0 

1 

1 

0 

ACC  PLUS  AVO 

A|N 


£Z][ 


*H> 


COMPLEMENTER 


< ASO 

•< AS1 

<$ AS4 


ADDER 
(AS12  =  1) 
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TO  SHIFT  NETWORK 


19-5 


MC 10800  shift  logic  is  confined  to  one  location;  it  is  on  the  Arithmetic  and  Logic  Unit  output 
path  However,  data  paths  do  allow  you  to  bypass  the  Arithmetic  and  Logic  Unit  if  a  simple  shift 
operation  is  to  be  performed. 

The  most  important  aspect  of  the  MC  10800  ALU  is  the  freedom  you  have  to  move  data  via  in- 
numerable paths  Overall,  there  are  three  busses:  the  A,  I  and  O  Busses.  Each  is  a  4-bit  bus.  The 
A  Bus  is  input  only,  while  the  I  and  O  Busses  are  bidirectional.  The  various  data  paths  are  illustr- 
ated in  Figure  19-2. 
The  mask  logic  needs  definition. 

When  activated,  this  logic  allows  one  of  the  ALU  inputs  to  be  the  AND  or  OR  of  the  A  and  I  Bus. 
inputs. 

The  various  operations  which  can  be  performed  by  the  MCI  0800  ALU  are  sum- 
marized, along  with  the  microinstruction  codes,  in  Tables  19-1  and  19-2. 

Table  19-1  defines  the  logical  operations  which  may  be  performed  while  Table  19-2  defines  the 
arithmetic  operations  which  may  be  performed. 

THE  MC1 0801  MICROPROGRAM  CONTROL  UNIT 

The  MC10801  Microprogram  Control  Unit  consists  of  "Next  Address"  logic,  plus 
eight  4-bit  registers.  Four  of  the  4-bit  registers  are  organized  as  a  Stack,  while  the 
remaining  four  may  be  defined  as  follows: 

R0     Microprogram  Counter 

R1     Retry,  post-interrupt  R0  buffer  or  cycle  counter 

R2     General  purpose  storage  or  microinstruction  data  storage 

R3     Status  register 
Program  sequencing  is  controlled  by  1 6  instructions  which  are  specified  via  a  4- 
bit  instruction  code,  input  to  the  next  address  logic  as  four  signals.  The  16  instruc- 
tions listed  below  refer  to  the  contents  of  the  four  programmable  registers,  two  branch  flags,  plus 
two  external  4-bit  inputs. 
The  externa!  4-bit  inputs  are  referred  to  as  the  "NA  inputs"  and  the  "O  Bus". 

The  NA  (Next  Address)  inputs,  along  with  the  4-bit  instruction  code,  must  come  from  the  control 
read-only  memory,  along  with  microinstruction  code.  Thus,  as  each  microinstruction  code  is 
being  executed,  the  address  for  the  next  microinstruction  code  is  being  computed. 

The  0  Bus  represents  external  data  which  may  be  input  from  any  source. 

One  of  the  two  branch  flags  is  common  to  all  MC  10801  slices  in  a  unit;  the  other  branch  flag  may 

be  individually  created  for  each  MC  10801  slice. 

Any  instruction  listed  below  which  causes  a  brancfv  or  jump-to-subroutine  automatically  pushes 

the  contents  of  R0  onto  the  Stack  before  loading  the  microsubroutine  starting  address  into  R0. 

Any  instruction  which  causes  a  return  from  subroutine  pops  the  Stack  into  R0. 

By  combining  the  16  instructions  listed  below  in  various  ways,  it  is  possible  to  create  virtually  any 

type  of  branch  logic  to  access  the  control  read-only  memory. 

INC  -  Increment 

JMP  -  Jump  to  NA  inputs 

JIB  -  Jump  to  I  Bus 

JIN  -  Jump  to  I  Bus  and  load  R2 

JPI  -  Jump  to  R2 

JEP  -  Jump  to  External  Bus  (O  Bus) 
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JL2  -  Jump  to  NA  inputs  and  load  R2 

JLA  -  Jump  to  NA  inputs  and  load  R1 

JSR  -  Jump  to  Subroutine 

RTN  -  Return  from  Subroutine 

RSR  -  Repeat  subroutine  (load  Rl  from  NA  inputs) 

RPI  -  Repeat  Instruction  (jump  to  R2) 

BRC  -  Branch  to  NA  inputs  on  condition;  otherwise  increment 

BSR  -  Branch  to- Subroutine  on  condition;  otherwise  increment 

ROC  -  Return  from  Subroutine  on  condition  or  jump  to  NA  inputs 

BRM  -  Branch  and  Modify  address  with  branch  inputs  (multiway  branches) 

THE  MC1 0802  TIMING  DEVICE 

This  device  is  capable  of  creating  four  output  clock  signals.  Clock  signals  can  be 
output  in  1,  2,  3  or  4  phases;  and  the  duration  of  any  single  clock  phase  may  be 
doubled  by  inputting  an  appropriate  control  signal.  This  allows  single  slow  steps  in 
asynchronous  logic  sequences  to  be  accommodated. 

A  number  of  MC10802  devices  may  be  cascaded  together  if  more  than  four  clock 
signals  are  required. 

A  number  of  control  signals  allow  the  MC10802  to  be  started  and  stopped  on  de- 
mand. Thus,  almost  any  timing  sequence  that  you  require  may  be  generated. 

THE  MC10803  MEMORY  INTERFACE  DEVICE 

You  will  use  this  device  in  a  CPU  configuration  in  order  to  create  memory  ad- 
dresses. Program  Counter  logic,  Data  Counter  logic,  indexed  addressing,  indirect 
addressing  or  any  other  address  computations  can  be  handled  by  this  device. 
Logic  is  illustrated  in  Figure  19-3.  Each  MCI  0803  memory  interface  device  is  a  4- 
bit  slice.  You  can  create  memory  addresses  of  any  width  by  cascading  MC 10803 
4-bit  slices. 

In  order  to  provide  total  address  creation  flexibility,  the  MC10803  has  five  sepa- 
rate 4-bit  data  ports,  five  4-bit  registers,  plus  an  arithmetic  and  logic  unit. 
Let  us  first  look  at  the  MC10803  data  ports. 

The  two  4-bit  bidirectional  0  and  I  Busses  connect  to  internal  CPU  logic  busses.  Via  these  two 
busses  data  is  transferred  to  or  from  other  parts  of  the  CPU.  The  bidirectional  4-bit  Data  Bus 
allows  data  transfers  between  the  memory  interface  device  and  logic  beyond  the  CPU.  The  final 
effective  memory  address  is  output  via  the  4-bit  Address  Bus.  There  is  a  further  4-bit  Pointer  in- 
put bus  via  which  data  can  be  input  directly  to  the  arithmetic  and  logic  unit. 

The  arithmetic  and  logic  unit  is  capable  of  performing  binary  addition  or  subtrac- 
tion, logical  AND,  OR  or  Exclusive-OR,  plus  shift  left  and  shift  right  operations. 
The  possible  sources  and  destinations  for  ALU  operations  are  illustrated  in  Fiqure 
19-3. 

There  are  six  4-bit  registers  within  the  MC10803  memory  interface  device. 

MAR  is  the  Memory  Address  register,  out  of  which  the  final  effective  memory  address  will  be 
output  to  external  memory.. 

MDR  is  a  4-bit  Data  register  within  which  temporary  data  can  be  held  in  any  way. 
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Four  4-bit  registers  in  a  register  file  are  used  to  hold  frequently  needed  data.  For  example  RO  will 
invariably  become  the  Program  Counter.  R1.  R2  and  R3  can  be  used  to  hold  indexes,  base  ad- 
dresses or  other  similar  data.  Note  that  the  four  registers  in  the  register  file  represent' additional 
logic  over  and  above  the  external  register  file,  which  can  have  any  size.  Thus,  a  number  of  Index 
registers  could  be  maintained  in  the  external  register  file,  while  data  that  is  being  frequently 
manipulated  will  be  maintained  in  the  MCI 0803  internal  register  file. 

The  data  matrix  has  a  number  of  control  signals  which  usually  will  be  input  from  the 
microprogram  control  read-only  memory;  the  control  signals  allow  one  of  the  following  data 
transfers  to  be  specified; 

FOB  -  Register  File  to  0  Bus 

ROB  -  Data  Register  to  0  Bus 

RDB  -  Register  File  to  Data  Bus 

ODB  -  0  Bus  to  Data  Bus 

RDB  -  Data  Register  to  Data  Bus 

ADR  -  ALU  to  Data  Register 

BDR  -  Data  Bus  to  Data  Register 

AIB  -  ALU  to  i  Bus 

BIB  -  Data  Bus  to  I  Bus 

IDR  -  I  Bus  to  Data  Register 

ODR  -  0  Bus  to  Data  Register 

NOP  -  No  Operation 

BRF  -  Data  Bus  to  Register  File 

BAR  -  Data  Bus  to  Address  Register 

MDR  -  Modify  Data  Register  (I  Bus  to  Data  Register  and  Data  Register  to  0  Bus) 

PFB  -  Pipeline  from  Data  Bus  (Data  Bus  to  Register  File  and  Data  Register  to  0 

Bus) 

PTB  -  Pipeline  to  Data  Bus  (I  Bus  to  Data  Register  and  Data  Register  to  Data  Bus) 
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The  following  pages  contain  specific  electrical  data  for  the  MC 10800  ALU. 


SET  UP  AND  HOLD  TIMES  {NANOSECONDS  AT  25°C) 


PATH 

LONGEST  PATH 

SHORTEST  PATH 

SETUP 

HOLD 

SETUP 

HOLD 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

MiN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

A  BUS— ACC  (Via  ALU) 
DBUS  — ACC  (via  ALU) 

0  BUS— ACC  (  DIRECT) 

1  BUS-* ACC  (DIRECT) 

31  0 
32,5 
3.5 
4.0 

-17.0 
-16.5 
+    5.5 

+    4,5 

150 
16,0 
3.5 
4.0 

-  7.5 

-  7.5 
+    4.5 
+    5.0 

ASO,  AS1,  AS4— ACC 
AS2,  AS3— ACC 
ASS,  AS6— ACC 
AS10,  AS11-— ACC 

28,5 
31,0 
400 
35.5 

-18.5 
-21.0 
-23.5 
-26.0 

12,0 
17  5 
19  0 
17.5 

-  5.0 

-  8.0 

-  6.0 

-  5.0 

AS12— ACC 
R-1,  R4— ACC 
AS7  —  ACC 
AS13,  AS14— ACC 

23.0 
65 
7  5 

12.5 

-105 
+  10 
+  4.5 
+    4.5 

130 
5.5 
7  5 
8.0 

-  3.0 

+    2.5 

+    4.5 

0.0 

AS9,  AS15-— ACC 
AS  16— ACC 
C  IN— ACC 
0  BUS —LATCH 

5  0 
35.5 
19  0 

1.0 

+  1.5 
-185 
-  8  0 
+    4.5 

4.5 
19.0 
100 

1.5 

+    70 

-  9.5 

-  2  5 
+    5.0 

PROPAGATION  DELAY  TIMES  (NANOSECONDS 

*T  2S°C 

^"~~~- -~_^__^                                         OUTPUT 

taus 

P0.G0 

C0UT 

OF.ZD.fll.lM 

PC-PR 

a  bus 

INPUT 

VIA 

MODE 

FUNCTION 

MIN. 

TYP. 

MAX. 

MIN. 

TVP. 

MAX. 

MIN. 

TVP. 

MAX. 

A  BUS  0  BUS 

ALU 

ARITH 

SUBTRACT 

33.0 

180 

19,5 

33.0 

30.5 

C1N 

'    ALU 

ARITH 

ADDITION 

190 

7,5 

15.5 

lfl.5 

AS' 

ALU 

AHtTH 

SUBTRACT  ACC 

400 

23  5 

35.  5 

39.5 

37.5 

ASI6 

ALU 

ARITH 

SUBTRACT 

35.0 

20.5 

22.0 

35.0 

33.0 

R1.H4 

SHIFT 

SMIFTTRiGHTT 

a.o 

. 

_ 

- 

AS7.AS13.ASM 

SHIFT 

shTtVic" 

ia.B 

. 

- 

AS9.ASI5 

DIRECT 

SKI  FT  ACC 

. 

9.0 

- 

- 

ASfl 

DIRECT 

OttMLE 

7.5 

_ 

- 

A55.AS6 

DIRECT 

ENABLE 
DISABLE 

- 

- 

7S 

CLK 

VluS 

AfllTH 

SUBTRACT  ACC 

475 

350 

36.5 

41.0 

42  0 

CLX 

ALU 

ARITH 

ADD  ACC 

4IS 

- 

CLK 

SHIFT 

AS7     0 

"shIft"5 

190 

19.5 

20,5 

CLK 

DIRECT 

ACCTOI.oBUS 

12.0 

- 

115 

09US 

IMMKI 

LOGIC 

COM™E°METNT 

31.5 

- 

CLK 

IMa"sK> 

LOGIC 

COMPLECT 

«.o 

. 

CLK 

(MASK, 

LOG!C 

COMPLEMENT 

44.5 

- 

CLK 

(YMUX! 

LOGIC 

COMMENT 

37,5 

_ 

34.5 

OU'-fUT  RISE  TIME.  1,  tlO%  10  BOM 

3  5 

3.5 

3,5 

3,6 

3.5 

3.5 

OUTPUT  FALL  TIME.  <H2Q-.<,,B0M 

25 

2.5 

2.5 

2,5 

2.5 

2.5 
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SWITCHING  WAVEFORMS 


X 


PROPAGATION  DELAYS 
—  AS 16- 


5C 


X 


X 


SETUP  AND  HOLD 


Cik  or  AS16 


Tsetup  lhold 

Jf  50% 


TEST  PROCEDURE: 

a)  Establish  setup  time  with  long  thd^ 

b)  Keeping  the  leading  edge  of  the  input  constant 
''setup'  varV  the  trailing  edge  of  the  input  to 
determine  thold 

NOTE:  tsetup  and  t^oid  as  defined  are  positive 
Internal  delays  in  the  data  path  may  result  in 
a  shift  of  the  data  waveform  to  the  left, 
with  respect  to  the  clock,  resulting  in  nega- 
tive hold  times 


SWITCHING  TIME  TEST  CIRCUIT 


50  ohm  termination  to  ground  located  in  each  scope 
channel  input 

All  input  and  output  cables  to  the  scope  are  equal 
lengths  of  50  ohm  coaxial  cable  Wire  length  should  be 
<V4  inch  from  TPjn  to  input  pin  and  TPout  to  output 
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Chapter  20 

THE  HEWLETT  PACKARD  MC2 


The  MC2  is  the  first  microprocessor  manufactured  by  Hewlett  Packard.  The  MC2 
is  a  1 6-bit  microprocessor  designed  specifically  for  process  control  applications;  it 
has  been  designed  for  internal  use  within  the  many  instruments  and  electronic 
products  manufactured  by  Hewlett  Packard.  The  MC2  is  most  unlikely  to  be  sold 
as  a  single  chip  in  the  foreseeable  future;  even  its  availability  as  a  computer  card 
is  not  guaranteed  at  the  present  time. 

The  most  important  aspect  of  the  MC2  is  its  technology;  it  is  built  using  CMOS 
logic  with  Silicon  On  Sapphire  (SOS  technology).  The  CMOS  logic  gives  the  MC2 
typical  CMOS  low  power  requirements  and  noise  insensitivity,  while  Silicon  On 
Sapphire  technology  gives  it  high  speed. 

Using  a  +  12V  power  supply  the  MC2  operates  with  a  125  nanosecond  clock  and 
executes  instructions  in  4  to  12  clock  cycles.  Typical  instructions  are  therefore 
executed  in  less  than  one  microsecond. 

The  MC2  is  packaged  on  a  squared,  48-pin  leadless  ceramic  substrate. 

The  sole  manufacturer  of  the.MC2  is: 

HEWLETT  PACKARD  COMPANY 
Data  Systems  Division 

11000  Wolfe  Road 
Cupertino,  CA  95014 

A  second  source  for  this  microprocessor  is  unlikely  in  the  foreseeable  future. 

AN  MC2  SYSTEM  OVERVIEW 

Logic  implemented  on  the  MC2  CPU  chip  is  illustrated  in  Figure  20-1 .  A  number  of 
support  devices  for  the  MC2  have  been  manufactured,  but  no  information  on 
these  support  devices  is  available  at  the  present  time. 

Clock  logic  is  external  to  the  MC2  chip;  however  a  simple  single  waveform  external 
clock  signal  will  suffice. 

Figure  20-1  shows  I/O  interface  logic  as  being  implemented  on  the  MC2  CPU  chip.  This 
reflects  the  unusual  way  in  which  the  MC2  handles  external  devices.  The  MC2  CPU  has 
eight  16-bit  general-purpose  programmable  registers.  Every  I/O  device  is  assumed  to 
have  a  CPU  equivalent  set  of  eight  programmable  registers.  Instructions  and  control 
signals  of  the  MC2. treat  registers  of  the  CPU  and  1/0  devices  similarly,  which  means 
that  no  special  I/O  interface  logic  is  required. 
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MC2  PROGRAMMABLE  REGISTERS  AND  STATUS 

The  MC2  has  eight  16-bit  programmable  registers  and  an  8-bit  Stack  Pointer,  in 
addition  there  is  an  8-bit  I/O  Device  identification  register.  Registers  may  be  il- 
lustrated as  follows: 


:15 


RO  Ny    Also  Status  register 

Rl 

R2 

R3   \    Any  register  may  serve  as 

R4   /   a  Data  Counter 

R5 

R6 

R7  - 

Stack  Pointer  (SP) 

Device  Identification  register  (Dl) 


Any  one  of  the  eight  16-bit  registers  may  be  used  as  a  Data  Counter. 

Register  RO  serves  as  the  Status  register.  Its  contents  are  interpreted  as  follows: 

15   14  13  12  11   10   9    8     7    6    5     4    3     2     10  -* Bit  No. 

Status  register  (R0) 


First  bit  of  low  order  byte 
Priority  code 
Low  order  byte  Zero 
Low  order  byte  Negative 
Interrupt  enable 


The  Zero,  Negative,  Carry  and  Overflow  statuses  in  bits  11,  12.  13  and  1 4,  respectively, 
apply  to  the  16-bit  result  of  the  most  recent  data  operation  performed.  Zero,  Carry  and 
Overflow  are  standard  statuses,  as  described  in  Volume  i.  Chapter  6,  The  Negative 
status  reflects  the  sign  of  the  16-bit  result;  that  is  to  say,  it  is  set  to  the  value  of  the 
result's  high  order  bit. 

The  Interrupt  Enable  flag  in  Status  register  bit  7  is  set  to  1  in  order  to  enable  interrupts. 
It  is  reset  to  OJn  order  to  disable  interrupts. 

The  low  order  byte  Zero  and  Negative  statuses  are  identical  to  standard  Zero  and  Nega- 
tive statuses,  except  that  they  reflect  the  low  order  8  bits  of  the  most  recent  operation's 
result  This  may-be  illustrated  as  follows: 


15   14  13  12   11    10    9    8     7    6    5    4    3     2    1     0  ^* Bit  No 

1    -1       M      I       N      1      H      1      1      I       1.     I       1      I    ^recent  operator 


ZL  status  =  1  if  all  0;  =  0  otherwise 
NL  status  acquires  value  of  this  bit 
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The  low  order  three  Status  register  bits  are  referred  to  as  a  Priority  Code.  This  Priority 
Code  identifies  the  highest  order  1  bit  in  the  low  order  byte  of  the  most  recent  opera- 
tion's result.  The  Priority  Code  has  the  value  6f  the  bit  position  being  identified.  Here 
are  some  examples  of  Priority  Codes: 


Result 


15UT3  12   11109    8     7    6     5    4    3     2     1     0- 

|x|x|x|x|x|x|x|x|o|i|i|olo|i|olS1 


Priority  Code 
6 


15  -14  13  12  11    10    9    8     7    6    5    4    3     2     1     0 


jT  XJX  7  X    X  |  X  |  X  |  0  |  p"  0     1  |  0  |  1     1   TJ 


The  Stack  Pointer  enables  a  256-word  Stack.  The  Stack  occupies  the  first  256 
words  of  read/write  memory,  with  memory  word  0  being  the  top  of  the  Stack. 


I/O  devices.  Each  looks  like  8  J 


selected  I/O  device  registers 


source  and  destination 
operands 


source  operands 
(destinations  for  MOVE  only} 


Figure  20-2.  CPU  And  I/O  Device  Registers'  Organization  For  The  MC2 

The  I/O  Device  Identification  register,  also  referred  to  as  a  Base  register,  iden- 
tifies one  of  256  possible  external  I/O  devices.  The  identified  external  I/O  device  will 
be  interpreted  as  consisting  of  eight  16-bit  registers,  When  executing  Register- 
Register  instructions,  there  is  little  differentiation  made  between  the  eight  CPU 
registers  and  the  eight  registers  of  the  identified  external  device.  The  two  sets  of 
eight  registers  constitute  a  16-register  bank  out  of  which  two  operands  are  selected. 
The  two  operands  may  or  may  not  come  from  the  same  register  The  destination,  which 
is  the  first  identified  operand  register,  is  usually  one  of  the  CPU  registers  {R0  -  R7};  only 
the  Register-Register  Move  instruction  permits  an  external  register  (R8  -  R15)  to  be  the 
destination  This  scheme  is  illustrated  in  Figure  20-2. 
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MC2  MEMORY  ADDRESSING  MODES 

The  MC2  is  quite  limited  in  its  memory  reference  capabilities.  Instructions  allow  you  to 
load  data  from  memory  into  a  CPU  register,  or  to  store  data  from  CPU  registers  to 
memory.  Data  access  instructions  use  direct  memory  addressing  or  implied  memo- 
ry addressing. 

Direct  memory  addressing  instructions  are  two  words  long;  the  second  instruction  ob- 
ject code  word  provides  the  16-bit  direct  memory  address. 

Instructions  that  use  implied  memory  addressing  allow  any  one  of  the  eight  CPU 
registers  to  specify  the  16-bit  memory  address. 

Conditional  Branch  instructions  and  Subroutine  Call  instructions  allow  direct  and  in- 
direct addressing;  however  direct  addressing  is  program  relative  and  the  displacement 
is  an  8-bit  signed  binary  number. 

HARDWARE  ASPECTS  OF  THE  MC2 

We  are  not  going  to  describe  pins  and  signals  of  the  MC2  because  Hewlett  Packard 
has  not  made  sufficient  information  available  at  the  present  time.  Also,  such  informa- 
tion will  be  irrelevant  until  you  can  buy  the  MC2  as  a  chip.  Instead  we  will  provide  a 
brief  summary  of  principal  MC2  hardware  characteristics. 

The  MC2  is  packaged  as  a  48-pin  package.  This  allows  separate  16-bit  Data  and  Ad- 
dress Busses,  together  with  an  adequate  set  of  control  signals.  Control  logic  on  the 
System  Bus  is  asynchronous,  having  a  request/acknowledge  control  philosophy.  This 
simplifies  multiple  CPU  configurations.  Execution  of  a  "No  Operation"  instruction  puts 
any  CPU  into  a  slave  state  on  the  System  Bus,  at  which  time  its  internal  registers  may 
be  accessed  by  some  other  "master"  CPU.  A  slave  CPU  may  be  converted  into  the 
master  via  an  interrupt  request 

MC2  interrupt  logic  is  primitive  but  effective.  There  is  one  interrupt  request  line;  when 
an  interrupt  is  acknowledged,  a  subroutine  call  to  memory  location  FFFE|6  is  executed. 
Memory  location  FFFEiq  must  contain  the  beginning  address  for  the  interrupt  service 
routine. 

THE  MC2  INSTRUCTION  SET 

The  MC2  instruction  set  is  characterized  by  a  lack  of  distinction  between  CPU  registers 
and  I/O  devices.  Most  instructions  that  operate  on  data  or  move  data  are  Register- 
Register  instructions;  as  illustrated  in  Figure  20-2,  each  register  may  be  an  internal  CPU 
register  or  a  register  out  of  an  I/O  device.  Thus  there  is  no  difference  between  Move  in- 
structions that  access  two  CPU  registers,  one  CPU  register  and  an  I/O  device  or  two 
registers  from  the  same  I/O  device.  This  similarity  between  Register-Register  and  I/O  in- 
structions is  manifest  by  the  way  in  which  the  MC2  instruction  set  has  been  defined  in 
Table  20-1. 
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For  a  better  understanding  of  MC2  instructions  you  must  understand  the  way  in  which 
Register-Register  instruction  object  codes  are  defined.  This  may  be  illustrated  as 
follows: 

15   14  13  12   U   10    9    8     7   6     5    4     3     2     1     0 -^ Bit  No. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1  m "—"  **« — 


'  Source  Register  2 
■h  Source  Register 
XYYY— * 


»■ 


ti 


-  Source  register  number 

-  0  -  CPU  register 
1-1/0  device  register 


•  Source  Register  2  field  descriptor 

0000  -  Swap  bytes 

0001  -  Swap  bytes  and  clear  low  order  byte 

0010  -  No  operation 

001 1  -  Clear  low  order  byte 

0100  -  Swap  bytes  and  clear  high  order  byte 
01 10  -  Dear  high  order  byte 

1 100  -  Move  bits  12  -  15  to  0  -  3.  Clear  bits  4-15 

1 101  -  Move  bits  8  -  1 1  to  0  -  3.  Clear  bits  4-15 

1 1 10  -  Move  bits  4  -  7  to  0  -  3.  Clear  bits  4-15 

1111  -Clear  bits  4 ~  15 


Source  registers  1  and  2  may  each  be  identified  as  any  one  of  the  eight  CPU  16-bit 
registers,  or  any  one  of  the  eight  I/O  device  16-bit  registers.  The  particular  I/O  device 
which  is  currently  selected  is  defined  by  the  contents  of  the  I/O  Device  Identification 
register. 

Source  register  1  also  becomes  the  Destination  register  for  the  result  of  the  operation. 
In  all  instructions  except  MOVE,  Source  register  1  must  be  one  of  the  eight  CPU 
registers. 

The  contents  of  Source  register  2  are  manipulated  before  becoming  an  operand  for  the 
operation  to  be  performed.  The  manipulation  performed  on  Source  register  2  contents 
is  defined  by  the  field  descriptor  Register-Register  instructions  therefore  perform  an 
operation  identified  by  bits  12  through  15  of  the  instruction  object  code;  the  operation 
uses  two  16-bit  operands  as  inputs.  These  two  operands  may  come  from  the  CPU 
registers,  or  the  currently  selected  I/O  device's  registers.  One  16-bit  operand  may  be 
manipulated  as  defined  by  the  field  descriptor  before  it  becomes  an  input  to  the  opera- 
tion specified  by  the  instruction  code. 
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THE  BENCHMARK  PROGRAM 

For  the  Hewlett  Packard  MC2  our  benchmark  program  may  be  illustrated  as  follows: 

LOAD  INPUT  BUFFER  ADDRESS  IN  REGISTER  1 
LOAD  BUFFER  SIZE  IN  REGISTER  2 
LOAD  NEXT  FREE  TABLE  LOCATION  IN  REGISTER  3 
LOOP;     LOAD        R4  =  (R1)  INPUT  DATA  WORD  TO  REGISTER  4 

STORE  WORD  TO  NEXT  FREE  TABLE  LOCATION 
INCREMENT  BUFFER  ADDRESS 
INCREMENT  TABLE  ADDRESS 
DECREMENT  WORD  COUNT 

RE-ITERATE  IF  COUNT  STILL  GREATER  THAN  ZERO 
STOR         TABLE  =  R3       SAVE  ADDR  OF  NEXT  TABLE  WORD 

This  benchmark  program  makes  very  few  assumptions.  Memory  is  addressed  in  16-bit 
units  (rather  than  8-bit  bytes),  and  data  is  transferred  16  bits  at  a  time.  The  input  table 
IOBUF  and  the  data  table  TABLE  can  have  any  length,  and  can  reside  anywhere  in 
memory.  The  address  of  the  first  free  word  in  TABLE  is  stored  in  the  first  word  of  the 
TABLE 


LDWI 

R1  =  IOBUF 

LOAD 

R2  =  COUNT 

LOAD 

R3  = TABLE 

LOAD 

R4  =  (R1) 

STOR 

(R3)  -  R4 

ADDI 

R1,1 

ADDI 

R3.1 

SUBI 

R2.1 

CBR 

LOOP  IF  G 

The  following 

BYTE 

CDST\ 

CREG  > 

CSRC  ' 

DST 

Dl 

F 

<,FD> 


REG  (FD) 

SRC  (K) 

SRC<K> 
<J> 


notation  is  used  in  Table  20-1 : 

8  bits  of  immediate  data  —  the  lower  byte  of  the  instruction  word. 

Any  of  the  CPU  registers  (Registers  0  through  7). 

Any  of  the  16  registers,  used  as  the  destination  of  a  move  or  result. 

The  I/O  Device  Identification  register  (Base  register). 

Fill  specification  for  register  shift:   if  F  is  0,  the  bit  is  reset  to  0;  if  F  is 

1,  the  bit  is  set  to  1. 

Optional  field  descriptor: 

SWB    Swap  bytes 

LJL      Left  justify  lower  byte 

LJU      Left  justify  upper  byte 

RJU      Right  justify  upper  byte 

RJL      Right  justify  lower  byte 

RJO      Right  justify  high  order  nibble 

RJ1       Right  justify  next-to-high  order  nibble 

RJ2      Right  justify  next-to-low  order  nibble 

RJ3      Right  justify  low  order  nibble 

The  result  of  the  operation  of  the  field  descriptor  on  the  specified 
register. 

Operand  field  specification  of  one  bit  of  the  register.  Register  may 
be  any  of  the  16  registers;  K  may  be  any  number  from  0  to  15. 
Bit  K  of  Register  SRC 

Optional  indirection  specification.  When  I  is  present  the  address 
used  is  the  contents  of  the  memory  location  addressed. 
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<(REG<,FD>) 


RO 
PC 
SP 
SRC 

STATUSES 


WORD 
x  <y.z> 

[  ] 
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A 
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N 

z 

NVZ 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 
1 

1 
1 

0 

1 

Optional  Condition  Code  representing  a  linear  combination  of  the 
Zero  and  Negative  status  flags  and  "Greater  Than": 

Not  true 

G  -  greater  than  0 
E  -  equal  to  0 

GE  -  greater  than  or  equal  to  0 
L  -  less  than  0 
LG  -  not  equal  to  0 
LE  -  less  than  or  equal  to  0 
Unconditional  "branch- 
A  1 6-bit  address;  it  may  be  the  second  word  in  the  instruction,  or  its 
lower  byte  may  be  the  lower  byte  of  a  one-word  instruction; 
Any  of  the  CPU  or  external  registers. 
Optional  indexing  specification.  For  example,  the  instruction: 

IBR  TABLEO.RJL) 

will  calculate  an  address  by  clearing  the  upper  byte  of  the  contents 
of  Register  9  and  adding  the  result  to  the  16-bit  word  TABLE.  Then 
the  contents  of  the  location  thus  addressed  will  be  the  address  at 
which  instruction  execution  continues. 

Register  0,  the  Status  register,  as  described  earlier  in  this  chapter. 
The  Program  Counter. 
The  Stack  Pointer 

Any  of  the  16  registers,  used  as  the  source  of  an  operand. 
The  following  status  flags  are.-affected  by  the, instructions: 
0    The  Overflow  status 
C    The  Carry  status 
N    The  Negative  or  Sign  status 
Z    The  Zero  status 

L    The  lower  byte  statuses  NL  and  ZL 
The  following  symbols  are  used  in.  the  STATUSES  columns: 

A  blank  means  the  status  flag  is  not  affected  by  the  operation. 
X    The  operation  affects  the  status  flag  in  a  meaningful  manner. 
?    The  operation  affects  the  status  flag,  but  it  is  meaningless. 
16  bits  of  immediate  data 

Bits  y  through  z  of  the  Register  x.  For  example,  PC<15,8>  repre- 
sents the  upper  byte  of  the  Program  Counter, 
Contents  of  location  enclosed  within  brackets.  If  a  register  designa- 
tion is  enclosed  within  the  brackets,  then  the  designated  register's 
contents  are  specified.  If  a  memory  address  is  enclosed  within  the 
brackets,  then  the  contents  of  the  addressed  memory  location  are 
specified. 

Implied  memory  addressing;  the  contents  of  the  memory  location 

designated  by  the  contents  of  a  register. 

Logical  AND 

Logical  OR 

Logical  Exclusive-OR 

Data  is  transferred  in  the  direction  of  the  arrow. 

Exponentiation  2**K  represents  a  16-bit  word  with  a  1  in  bit  K,  and 

0  in  all  the  other  bits 
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minicomputer  buyer  will  be  interested  in  buying  a  great  deal  ot  support  in  addition  to  hardware 
and  will  not  be  quite  so  influenced  by  small  dollar  differences  going  from  one  product  to  another 
It  is  in  the  area  of  discrete  logic  replacement  that  we  may  expect  to  see  the  greatest  volatility 
among  microcomputer  manufacturers.  The  microcomputer  user  in  this  market  will  usually  be 
buying  in  huge  volumes  with  very  little  front  end  programming  expense;  therefore,  this  user  has  a 
much  greater  incentive  to  switch  from  one  microcomputer  to  another,  based  solely  on  pricing 
considerations.  This  being  the  case,  the  logic  device  replacement  market  is  the  one  which  will  be 
hardest  for  established  microcomputer  manufacturers  to  defend,  and  the  most  attractive  to 
latecomers  into  the  field. 

It  is  quite  probable  that  a  microcomputer  manufacturer  who  has  not  established  a  market  for 
minicomputer-like  devices  within  the  next  two  or  three  years  will  have  no  further  opportunity  to 
do  so,  however  interesting  the  products  he  designs.,  No  such  window  exists  in  the  logic  replace- 
ment market,  where  ten  years  from  now  a  manufacturer  who  is  able  to  sell  microcomputer 
devices  for  10<f  each,  where  the  going  rate  has  been  25<t  each,  will  be  able  to  establish  himself. 
In  conclusion,  we  predict  that  microcomputer  devices  will  separate  into  minicom- 
puter look-alikes  and  logic  device  replacements.  The  minicomputer  look-alike  market 
will  become  increasingly  harder  to  break  into  and  will  stabilize  fairly  quickly.  The 
logic  device  replacement  market  will  continue  to  spawn  products  that  look  nothing 
like  minicomputers  and  will  continue  to  be  extremely  volatile  until  prices  have  been 
driven  so  low  that  there  is  simply  no  room  left  for  further  economies. 

(We  have  not  changed  a  word  of  this  prediction  from  the  first  edition). 
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Chapter  21 
SELECTING  A  MICROCOMPUTER 


So  you  have  a  product  and  you  may  want  to  build  it  using  microcomputer  devices. 
You  have  two  decisions  to  make: 

1)  Should  you  use  a  microcomputer  at  all? 

2)  And  if  so,  which? 

Of  course,  both  decisions  must  be  based  on  minimizing  costs. 

The  eventual  unit  price  for  any  product,  whether  or  not  it  includes  a  microcom- 
puter, is  given  by  the  equation: 

F 

P     = +    V 

N 

In  the  above  equation,  P  represents  unit  price,  F  represents  fixed  costs,  V  repre 
sents  variable  costs  and  N  represents  the  number  of  units  you  plan  to  build. 


Fixed  costs  are  the  front-end  expense  which  is  essentially  in-       FIXED  COST 
sensitive  to  the  number  of  units  you  plan  to  build.  Fixed  costs       CONTRIBUTING 
include  the  following  items:  FACTORS 

1)  Product   evaluation   expense,    including   preliminary   market 
research 

2)  Product  advertising  and  promotion  expense 

3)  The  cost  of  doing  a  competitive  analysis  to  select  a  microcomputer 

4)  The  cost  of  going  from  specification  to  product 

Variable  costs  are  the  costs  that  must  be  incurred  for  every 
unit  built.  These  are  the  contributors  to  variable  costs: 


VARIABLE  COST 

CONTRIBUTING 

FACTORS 


1)  The  cost  of  logic  components  and  particularly,  whether 
you  have  access  to  second  sources  for  all  logic  compo- 
nents A  product  without  a  second  source  may  be  a  product  that  becomes  signifi- 
cantly more  expensive  as  time  goes  by 

2)  Assembly  line  expenses 
3}     Product  testing  expenses 

While  you  are  still  deciding  whether  to  use  microcomputer  logic  or  discrete  logic 
two  further  considerations  must  be  taken  into  account: 

1)  Subsequent  product  modification 

2)  After  sales  servicing 


CONTINUING 

ENGINEERING 

COSTS 


Remember,  if  your  product  is  built  around  a  microcomputer 
you  can  make  very  drastic  changes  to  the  product  simply  by 
rewriting  the  microcomputer  program.  That  will  result  in  a 
single  ROM  or  PROM  device  having  to  be  replaced  Were  the  pro- 
duct completely  implemented  using  discrete  logic,  a  similar  product  change  may  re- 
quire one  or  more  boards  of  logic  to  be  completely  replaced 
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The  cost  of  servicing  a  product  built  around  a  microcomputer       AFTER  SALES 
is  significantly  less  than  the  cost  of  servicing  a  product  that       SERVICE 
uses  discrete  logic.  There  are  two  reasons  why  this  is  so.  *■ 

First,  a  product  that  is  built  around  a  microcomputer  is  likely  to  have  far  fewer 
components  than  the  same  product  implemented  entirely  out  of  discrete  logic. 

This  means  that  not  only  are  there  fewer  parts  to  malfunction,  but  when  a  part  does 
malfunction,  it  is  easier  to  locate 

The  second  reason  that  servicing  a  microcomputer-based  product  is  cheaper  than 
servicing  the  same  product  implemented  in  discrete  logic  is  that  you  can  write  a 
diagnostic  program  to  test  every  logic  device  on  a  card.  Suppose  there  are  200  logic 
devices  on  a  large  card  that  includes  a  microcomputer  system  Give  each  device  a  num- 
ber, and  place  eight  light-emitting  diodes  at  the  card  edge  Then  write  a  program  which 
systematically  tests  every  single  device  on  the  card  to  ensure  that  it  is  functioning  cor- 
rectly Any  malfunctioning  device  may  be  identified  using  the  eight  light-emitting 
diodes  to  display  a  binary  device  number  There  are.  of  course,  numerous  applications 
where  this  simplistic  approach  to  diagnostics  will  not  work  but  in  many  applications 
the  concept  has  potential 

In  order  to  determine  whether  you  should  use  a  microcomputer  at  all,  you  must 
estimate  costs,  based  on  fixed  and  variable  expenses,  for  a  product  built  around  a 
microcomputer,  and  for  a  product  built  entirely  out  of  discrete  logic.  You  must 
then  consider  continuing  engineering  and  after  sales  service  economies  that  may 
accrue  when  you  build  your  product  around  a  microcomputer. 

Assuming  that  you  are  going  to  use  a  microcomputer,  which  should  you  use?  Let 
us  examine  the  impact  that  microcomputer  selection  has  on  fixed  and  variable 
costs.  First  consider  variable  costs. 


VARIABLE 
COSTS 


It  may  not  be  immediately  apparent,  but  a  microcomputer's  in- 
struction set  and  execution  speed  will  usually  have  very  little 
impact  on  variable  costs,  being  overwhelmed  by  simple  pric- 
ing considerations.  For  example,  the  F8  has  an  instruction  set  that  will  invariably 
generate  longer  object  programs  than  an  equivalent  8080A  system  On  the  other  hand 
by  combining  the  3850  CPU  with  a  3851  PSU,  you  have  a  two-device  system  which  in- 
cludes a  CPU.  1 024  bytes  of  ROM,  64  bytes  of  RAM.  four  I/O  ports  (each  of  which  are  8 
bits  wi'de).  a  programmable  timer  and  a  single  externa!  interrupt  line  Providing  your  ap- 
plication is  simple  enough  to  fit  into  this  small  configuration,  the  fact  that  the  8080A  ir  - 
struction  set  is  superior,  or  that  8080A  programs  execute  faster,  becomes  irrelevant  If 
your  F8  program  fits  in  the  minimum  1  K  bytes  of  memory,  memory  savings  become  ir- 
relevant, and  it  would  take  seven  8080A  devices  to  give  you  the  same  functional 
capacity  as  the  two  F8  devices  Clearly,  the  seven  8080A  devices  will  cost  considerably 


more 


If  the  F8-based  product  provides  lower  parts  costs  (Variable  Costs),  but  the 
8080A-based  product  costs  less  to  develop  (Fixed  Costs),  at  what  point  will  fixed 
costs  become  more  important  than  variable  costs? 

Let  us  answer  the  question  by  looking  more  closely  at  factors  I  FIXED  COSTS  I 
that  contribute  to  fixed  costs.  *  | 

Of  the  four  cost  factors  that  contribute  to  fixed  costs,  only  the  fourth,  the  cost  of 
going  from  specification  to  product,  can  be  critically  evaluated. 

We  will  begin  by  summarizing,  without  comment,  the  steps  that  lead  from  a 
specification  to  an  end  product.  Using  this  sequence  of  events  as  a  framework, 
we  will  describe  the  decisions  you  must  make,  and  the  basis  on  which  you  should 
make  these  decisions. 
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DESIGNING  LOGIC  WITH 

MICROCOMPUTERS  — A  SEQUENCE  OF  EVENTS 

Any  microcomputer  development  project  will  involve  some  minor  variations  of 
these  nine  steps: 

1 )  Specify  the  product.  The  need  for  clear  and  accurate  specifications  is  more  critical 
when  a  product  is  to  be  built  around  a  microcomputer  than  it  would  be  if  the  pro- 
duct were  to  be  built  around  discrete  logic 

Remember  that  designing  with  discrete  logic  involves  a  single  set  of  choices  —  the 
selection  of  discrete  logic  components  When  you  use  a  microcomputer,  there  are 
two  sets  of  choices  having  decided  on  the  CPU  and  the  devices  that  will  surround 
the  CPU,  you  still  have  to  create  a  program,  which  means  that  enormous  flex- 
ibilities and  variables  remain  unresolved  even  after  the  hardware  has  been 
selected  In  other  words.,  you  are  going  to  be  faced  with  constant  hard- 
ware/software tradeoffs  Unless  an  excellent  specification  defines  the  product 
which  is  to  be  built,  the  process  of  compromising  between  hardware  arid  software 
will  be  difficult  at  best,  and  will  result  in  unforeseen  errors  at  worst 

2)  Prepare  a  preliminary  hardware  design.  Even  before  you  have  selected  a 
microcomputer,  you  will  lay  out  a  preliminary  product  design,  leaving  as  "black 
boxes"  those  parts  of  the  product  which  will  eventually  become  the  microcom- 
puter system 

3)  Specify  the  microcomputer  requirements.  The  black  boxes  from  step  2  can 
now  be  expanded  into  a  set  of  performance  criteria  upon  which  the  selection  of  a 
microcomputer  will  be  based  Some  iteration  between  steps  2  and  3  may  be  re- 
quired 

If  the  first  time  you  perform  step  3.  you  discover  that  no  microcomputer  on  the  market 
can  meet  your 'performance  criteria,  redo  step  2,  relax  the  demands  placed  on  the 
microcomputer  by  identifying  the  critical  steps  that  the  microcomputers  cannot  handle, 
then  implement  these  critical  steps  using  discrete  logic  In  other  words,  shrink  the 
"black  box" 

If  you  find  that  virtually  every  microcomputer  provides  overkill  for  your  job  as  specified, 
it  is  worth  going  back  to  step  2  to  see  if  some  additional  logic  functions  can  be  per- 
formed by  the  microcomputer   In  other  words,  expand  the  "black  box" 

A  frequently  made  error,  when  specifying  the  logic  that  must  be  implemented  by  a 
microcomputer,  is  to  needlessly  include  steps  that  demand  extremely  fast  logic. 
Remember,  none  of  the  microcomputers  described  in  this  book  are  capable  of  perform- 
ing real-time  events  in  much  less  than  ten  microseconds 

Erring  in  the  other  direction,  another  common  mistake  is  to  underestimate  what  a 
microcomputer  can  do  A  microcomputer  can  handle  large  volumes  of  data,  and  can 
perform  complex  data  manipulations,  providing  program  execution  speed  is  unimpor- 
tant 

4)  Depending  on  your  history  as  a  microcomputer  user,  it  may  or  may  not  be 
worthwhile  doing  a  competitive  analysis  of  microcomputer  products.  If  it  is 
worthwhile,  you  will,  at  this  point,  narrow  the  field  to  two  or  three  products. 
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5)  Write  source  programs.  You  must  now  make  a  major  decision:  do  you  write 
source  programs  in  assembly  language  or  in  a  higher  level  language? 

Most  microcomputer  manufacturers  now  allow  you  to  write  source  programs  in 
FORTRAN.  Intel's  new  programming  language.  PL/M,  is  also  being  adopted  by  a 
number  of  microcomputer  manufacturers  In  all  probability,  a  growing  number  of 
higher  level  languages  will  be  made  available  to  microcomputer  users.  As  we  will 
discuss  later  in  this  chapter,  however,  using  assembly  language  is  frequently  less 
expensive.. 

6)  Convert  the  source  program  to  an  object  program.  This  step  may  be  handled  in 
one  of  two  ways:  you  may  use  a  time-sharing  computer  service  or  you  may  use  a 
microcomputer  development  system. 

A  microcomputer  development  system  looks  like  a  minicomputer  system,  but  is 
built  around  the  microcomputer  of  your  choice 

Until  you  have  made  a  final  microcomputer  selection/you  will  likely  use  a  time- 
sharing service  to  convert  your  source  programs  to  object  program  format.  Even- 
tually you  are  going  to  need  access  to  a  microcomputer  development  system  {for 
step  7);  therefore,  it  makes  sense  to  get  off  the  time-sharing  service  and  to  start 
using  a  microcomputer  development  system  as  soon  as  you  have  made  your  final 
microcomputer  selection 

7)  Convert  the  object  program  into  Programmable  Read  Only  Memory  devices 
(PROMs).  You  will  do  this  using  the  microcomputer  development  system  that  sup- 
ports the  microcomputer  of  your  final  choice 

8)  Build  a  prototype  of  your  product.  Now  is  the  time  to  ensure  that  all  conceivable 
errors  have  been  detected  and  corrected,  both  in  the  programs  driving  the 
microcomputer'and  in  the  logic  supporting  it  Correcting  programming  errors  and 
logic  design  errors  will  require  constant  iteration  between  development  steps, 
perhaps  as  far  back  as  step  2 

9)  Create  a  ROM  mask.  Unless  your  product  is  a  low  volume  item,  or  is  still  being 
developed,  economics  dictate  that  you  stop  using  PROMs  and  start  using  ROMs 
When  you  are  certain  that  all  your  programs  are  correct  you  will  define  ROM  masks 
for  your  read  only  memory  devices    ROMs  will  likely  be  created  for  you  by  the 
microcomputer  manufacturer 

Programs  that  drive  your  microcomputer  now  become  nothing  more  than  logic 
devices,  and  will  be  handled  routinely  on  the  production  line,  like  any  other  logic 
device. 

Within  the  framework  of  these  nine  steps,  we  are  now  in  a  position  to  explain 
how  you  go  about  estimating  product  development  costs. 

The  most  important  factor  determining  mtcrocomputer-based  product  develop- 
ment costs  is  the  type  of  assistance  you  receive,  either  from  the  microcomputer 
manufacturer,  or  from  an  alternative  source.  Product  development  assistance  can 
be  divided  into  development  hardware  and  system  software. 

Development  hardware  consists  of  a  minicomputer-like  device  which  you  will  use 
to  implement  some  or  all  of  steps  6  through  9.  System  software  consists  of  pro- 
grams that  make  the  hardware  usable. 

We  will  describe  microcomputer  development  hardware  first,  and  system  soft- 
ware next. 


21-4 


MICROCOMPUTER  DEVELOPMENT  HARDWARE 

At  the  center  of  any  hardware  development  system,  there  will  be  a  box  that  looks 
like  a  minicomputer. 

In  its  simplest  form,  this  box  closely  parallels  a  minicomputer,  its  Central  Process- 
ing Unit  is  a  microcomputer,  which  is  surrounded  by  read/write  memory.  I/O  interface, 
and  logic  to  support  the  various  options  available  with  the  microcomputer  All  this  is 
packaged  in  a  minicomputer-like  box,  with  a  power  supply  and  a  front  console  This 
"micro-minicomputer"  will  have  minicomputer-style  peripherals,  including  an  input 
device,  an  output  device  and  bulk  storage  devices 

A  very  simple  micro-minicomputer  system  will  consist  of  the 
microcomputer  box  and  a  teletype.  The  teletype  keyboard  is 
the  input  device,  the  teletype  printer  is  the  output  device,  and 
the  teletype  paper  tape  reader/punch  is  the  bulk  storage 
device 


SIMPLE 

MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS 


Source  programs  and  any  other  human  readable  documentation  will  be  printed  by 
the  teletype  printer. 

The  source  program  you  enter  and  the  object  program  which  the  computer  creates 
will  both  be  output  by  the  teletype  paper  tape  punch.  Subsequently,  these  paper 
tapes  may  be  input  via  the  teletype  paper  tape  reader. 

The  first  enhancement  of  this  very  simple  hardware  development  system  will  be 
to  stop  using  the  teletype  paper  tape  reader/punch  as  the  bulk  storage  device, 
replacing  it  with  a  tape  cartridge  or  floppy  disk  system;  which  is  much  faster  and 
easier  to  handle. 

The  next  enhancements  will  be  to  replace  the  teletype  keyboard  with  a  CRT  ter- 
minal, and  the  teletype  printer  with  a  line  printer. 

At  this  point  your  microcomputer  development  system  looks  remarkably  like  a 
small  minicomputer  system,  and  you  will  use  it,  just  as  you  would  use  a  minicom- 
puter system,  to  create  source  programs,  and  to  convert  source  programs  into  object 
programs 

However,  your  microcomputer  development  system  will  have  one  feature  which 
no  minicomputer  ever  had:  on  the  console  of  the  microcomputer  box  there  will  be 
a  plug,  into  which  you  can  insert  unused  Programmable  Read  Only  Memory 
devices.  The  development  system  will  give  you  the  ability  to  write  any  part  of  your  ob- 
ject program  into  a  PROM,  via  the  console  plug  You  may  take  the  PROM,  plug  it  into  a 
prototype  board,  and  test  the  prototype  product  in  the  traditional  way 

Every  microcomputer  manufacturer  provides  a  straightforward  microcomputer 
development  system,  as  described  above.  The  oldest  and  most  popular  microcom- 
puters, such  as  the  Intel  8080,  now  have  more  sophisticated  development 
systems  available.  These  more  sophisticated-development  systems  are  produced  not 
only  by  the  microcomputer  manufacturer,  but  by  a  number  of  independent  companies- 
who  are  rapidly  entering  the  microcomputer  development  products  business      ^      

The  first  enhancement  of  the  straightforward  microcom- 
puter development  product,  as  described  above,  is  a  pro- 
duct that  allows  you  to  include  a  hardware  simulation  of 
the  logic  you  are  developing,  within  the  microcomputer 


SIMULATING 
MICROCOMPUTER 
DEVELOPMENT 
SYSTEMS 
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development  system,  Conceptually,  such  a  system  may  be  illustrated  as  follows: 
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COMPUTER 
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I  OTHER  MICROCOMPUTER  DEVICES  I 

YOUR  MICROCOMPUTER  PRODUCT 


Since  there  is  no  established  term  to  describe  microcomputer  development 
systems  as  illustrated  above,  we  will  call  it  a  "Simulating  Microcomputer 
Development  System".  In  reality,  the  only  parts  of  your  system  that  will  indeed 
be  simulated  are  read  only  memory,  interrupts,  direct  memory  access  and  I/O. 

If  read  only  memory  can  be  accurately  simulated  within  the  development  system,  then 
you  will  be  able  to  bypass  the  Programmable  Read  Only  Memory  creation  step,  at  least 
until  you  are  certain  (to  the  extent  that  you  can  be  certain)  that  your  programs  are  error- 
free. 

By  allowing  the  product  you  are'developing  to  be  handled  as  though  it  is  an  external 
device,  the  microcomputer  development  system  serves  the  double  purpose  of  allowing 
you  to  create  object  programs  and,  at  the  same  time,  of  allowing  you  to  check  that  the 
object  programs,  together  with  your  external  digital  logic,  perform  as  required  In  theo- 
ry, the  microcomputer  development  system  can  now  take  you  right  up  to  the  point 
where  you  can  define  your  ROMs  and  organize  a  production  line 

Another  development  system  enhancement  that  is  appearing  with  greater  fre- 
quency is  the  system  that  can  handle  more  than  one  microcomputer.  Intel,  for  ex- 
ample, sells  not  only  the  Intel. 8080A,  which  is  described  in  this  book,  but  also  the  Intel 
8008,  two  4-bit  microprocessors  and  the  3000  Series  chip  slice  You  can  use  Intel's  ICE 
microcomputer  development  system  to  develop  logic  around  any  of  the  microcom- 
puters sold  by  Intel 

Independent  manufacturers  of  microcomputer  development  products  are  attracted  to 
the  idea  of  a  microcomputer  development  system  that  can  be  used  with  more  than  one 
microcomputer,  since  this  gives  them  the  flexibility  of  selling  into  more  than  one 
manufacturer's  market 

MICROCOMPUTER  SYSTEM  SOFTWARE 

Neither  a  time-sharing  computer  service  nor  a  microcomputer  development 
system  is  of  any  value  without  programs  that  give  you  access  to  the  capabilities 
of  the  system.  We  refer  to  these  programs  collectively  as  system  software. 
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We  have  described  in  Volume  I,  Chapter  6  how  a  program  must  first  be  written  in 
a  programming  language  using  pencil  and  paper.  The  program  is  then  converted 
into  a  sequence  of  binary  digits,  stored  in  computer  memory.  Microcomputer 
systems  demand  an  additional  step,  that  is,  the  creation  of  a  read  only  memory 
device,  within  which  the  object  program  is  implemented.  

Figure  21-1   illustrates  the  components  of  system  software    |  EDITOR  | 
which  are  routinely  found  in  microcomputer  systems.  The  Edi- 
tor, Assembler  and  Compiler  have  already  been  described  in  Volume  I.  Chapter  6  Refer- 
ring to  Figure  21-1,  step  1   shows  how  an  Editor  program  is  loaded  into  computer 
memory  and  is  used  to  create  a  source  program,  which  is  then  stored  in  a  computer- 
readable  form  on  paper  tape,  magnetic  cartridge  or  disk  j___^_11_B 

The  Monitor  is  a  small  resident  program  that  simply  lets  you    |  MONITOR  | 
identify  and  load  individual  system  software  modules.  

In  Figure  21-1 ,  step  2,  the  source  program  is  either  assembled    |  ASSEMBLER  | 
or  compiled,  depending  upon  whether  the  source  program  was 
written  in  assembly  language  or  a  higher  level  language.  An  object  program  is  cre- 
ated. 

A  number  of  aspects  of  source  and  object  program  creation  are  not  self-evident. 
The  first  and  most  obvious  question  to  ask  is  whether  the  amount  of  memory 
available  in  the  microcomputer  development  system  for  source  and  object  pro- 
grams will  be  sufficient.  In  Figure  21-1,  step  2.  memory  is  illustrated  holding,  at  one 
time,  source  programs,  object  programs,  an  Assembler  or  Compiler,  and  a  Monitor 
What  if  the  source  program  and  object  program  are  simply  too  big  to  fit  into  memory  as 
illustrated? 

There  is  another  potential  problem,  the  object  program  developed  in  step  2  is  almost 
certain  to  contain  errors,  and  it  is  not  unreasonable  for  a  source  program  to  be  corrected 
and  re-assembled  ten,  twenty  or  more  times  before  an  error-free  object  program  results 
How  long  will  it  take  to  load  the  Editor  for  step  1 ,  then  reload  the  Assembler  for 
step  2? 

Let  us  first  consider  those  problems  associated  with  the  need 
to  constantly  edit  and  re-assemble  a  source  program,  while 
detecting  and  correcting  program  errors.  Are  there  any  hidden 
problems  to  watch  out  for  in  this  process? 


EDITOR/ 

ASSEMBLER 

COMBINED 
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or  Compiler 


Source 
Program 


Object 
Program 


Debug 


Object 
Program 


Linking 
Loader 


STEP  3  STEP  4 

Boxes  represent  microcomputer  memory  space. 

Figure  21-1.  System  Software  Modules 

If  your  development  system  uses  magnetic  tape  cassettes  or  floppy  disks  as  the  bulk 
storage  device,  you  will  have  no  problems,  it  will  just  take  a  few  seconds  to  load  either 
the  Assembler  or  Editor  into  memory,  therefore,  an  inconsequential  amount  of  time  will 
be  wasted  shuttling  between  steps  1  and  2  of  Figure  21-1. 

On  the  other  hand,  if  you  are  working  with  a  very  low  budget  and  your  develop- 
ment system  uses  the  teletype  paper  tape  reader/punch  as  the  storage  medium 
for  all  programs,  you  could  be  faced  with  a  very  severe  problem;  it  could  take  as 
much  as  half  an  hour  simply  to  load  the  Editor  and  Assembler  into  memory  This  being 
the  case,  you  will  waste  a  very  substantial  amount  of  time  and  money  watching  the 
teletype  paper  tape  reader  monotonously  load  and  punch  paper  tapes  Some 
microcomputer  manufacturers  get  around  this  problem  by  combining  an  Editor  and 
Assembler  into  one  program.  By  breaking  up  your  application  into  sufficiently  small 
modules,  you  can  generate  a  single  memory  load  as  follows: 


EDITOR/ASSEMBLER 


SOURCE 
PROGRAM 


OBJECT 
PROGRAM 


2.1- 


Now  you  do  not  need  to  waste  time  reloading  the  Editor,  and  then  the  Assembler,  every 
time  you  wish  to  make  a  correction  to  your  source  program. 


Let  us  first  describe  how  you  go  about  developing  programs       RELOCATABLE 
which  are  too  big  to  constitute  a  single  memory  load,  as  il-       OBJECT 
lustrated  in  step  2  of    Figure  21-1.  The  solution  is  self-evi-       PROGRAMS 
dent:  create  the  program  in  pieces.  Implementation  of  this 
solution  is  not  quite  so  straightforward. 

If  the  program  is  to  be  developed  in  pieces,  then  clearly  the  pieces  will  each  occupy 
different  areas  of  memory  On  the  other  hand,  one  specific  area  of  memory  may  be 
assigned  to  object  programs  by  the  Assembler  This  is  the  situation  which  arises: 

DEVELOPMENT  YOUR 

SYSTEM  PRODUCT 

0000 1  i  0000 


1000 

This  space 

1800 

reserved  for 

object  program 

2000 

This  space 
used  by 
object 
programs 


The  necessary  solution  is  to  create  object  programs  which  are  one  step  removed  from 
being  truly  executable.  In  these  "pseudo-object  programs",  every  object  program  byte 
that  encodes  an  absolute  memory  address  will  instead  encode  a  displacement  from  the 
beginning  of  the  object  program  This  may  be  illustrated  as  follows: 


OBJECT 
PROGRAM 


PSEUDO- 
OBJECT 
PROGRAM 


0400 

0401 

0402 

0403 

1 

061A 

061B 

061C 

08 

061D 

3A 

061E 

0400 
Program         04Q1 

Origin  04Q2 

0403 


061A 

061B 

\  Jump  to  memory         06 1C 

J  location  083A  06 1D 

06  tE 


3P 


■        Jump  to  memory 

I  V     location  "Program  Origin" 

I  '      plus  043A 


This  pseudo-object  program  will  be  loaded  into  memory  by  a       RELOCATABLE 

system   software   program    referred   to   as    a    "Relocatable       LOADER 

Loader";  the  Relocatable  Loader  acquires  its  name  from  the  fact 

that  it  can  relocate  the  pseudo-object  program  anywhere  in  memory,  changing  all  the 

displacement  addresses  to  reflect  a  new  origin 
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An  Assembler  which  is  able  to  create  pseudo-object  programs 
as  described  above  is  called  a  Relocating  Assembler. 

If  programs  have  been  written  in  pieces  and  the  pieces  must 
be  loaded  into  memory  to  form  a  unit,  then  it  is  quite  possible 
that  a  memory  reference  instruction  in  one  piece  of  program 
may  reference  a  label  in  another  piece  of  program: 


Jump  to  memory  location  ADOR 
in  program  module  3 


RELOCATING 
ASSEMBLER 


PROGRAM 
LINKING 


PROGRAM 
MEMORY 

061A 

061B 

061C 

061D 

061 E 

LINKING 
LOADER 


A  loader  that  can  relocate  program  modules  and,  in  addition, 
link  memory  references  from  one  module  to  another  is  called  a 
"Linking  Loader". 

A  Linking  Loader  works  in  conjunction  with  an  Assembler  that  generates  linkable 
object  program  modules. 

A  Relocating  Assembler  will  replace  every  absolute  address  in  the    |  LABEL  TABLE  | 
object  program  with  a  code  which  represents  a  label  number 
Then,  at  the  end  of  the  object  program,  the  Assembler  will  generate  a  Label  Table 
identifying  every  label  number  as  representing  a  specific  object  program  byte  in  a 
defined  object  program  module 

When  the  Linking  Loader  loads  object  program  modules,  it  will  identify  the  real 
memory  address  into  which  every  object  program  byte  which  owns  a  label  ac- 
tually gets  loaded.  Now  the  Linking  Loader  can  replace  label  numbers  in  object  pro- 
grams with  the  actual  memory  address  that  happens  to  correspond  to  the  label  number 
For  example,  the  Jump  instruction  illustrated  above  may  get  encoded  by  the  Assembler 
as  three  bytes  which  say 

Jump  to  label  number  4  in  program  module  number  3 

At  the  end  of  the  object  program,  the  Assembler  will,  in  some  coded  fashion,  identify 
label  number  4  as  corresponding  to  byte  number  32Aj6  of  program  module  3 

The  Linking  Loader  will  wait  until  program  module  number  3  has  been  loaded  into 
memory,  at  which  time  it  can  determine  the  exact  memory  address  for  byte  number 
32Af6  of  program  module  3.  This  memory  address  is  equal  to  the  origin  of  program 
module  3,  plus  32Af@  This  becomes  the  address  which  the  Linking  Loader  inserts  into 
the  Jump  instruction 

The  only  thing  that  is  important  to  you,  as  a  microcomputer  programmer,  is  to  real- 
ize that,  given  a  Relocating  Assembler  and  a  Linking  Loader,  you  can  write  pro- 
grams in  small  modules  and  not  have  to  worry  about  changing  object  code  de- 
pending upon  where  each  module  resides  in  memory. 

It  is  very  important  to  ascertain  whether  a  microcomputer  development  system 
offers  Relocating  Assemblers  and  Linking  Loaders,  because  they  will  make  the 
task  of  developing  object  programs  much  simpler. 

Once  an  object  program  has  been  created,  it  must  be  ex-    I  DEBUG  j 

ecuted  in  order  to  check  it  for  errors.  Another  system  software 

module,  referred  to  as  a  Debug  program,  will  always  be  required  at  this  point.  The 

Debug  program  allows  you  to  conditionally  execute  your  object  code,  stopping  at  will 
to  examine  the  contents  of  memory  or  programmable  registers,  or  to  temporarily  make 
changes  to  the  object  program  as  a  means  of  determining  what  went  wrong 
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While  you  are  debugging  your  object  programs,  there  are  certain  parts  of  your 
system  which  do  not  exist  and  whose  presence  must  therefore  be  simulated.  If 
you  have  a  Simulating  Microcomputer  Development  System,  then  the  Simulator 
program  only  has  to  simulate  interrupts,  direct  memory  access,  and  external 
devices  communicating  through  I/O  ports. 

If  you  have  a  simple  microcomputer  development  system,  then  it  must  have  a 
Simulator  capable  of  representing  the  entire  environment  beyond  your  microcom- 
puter. ^ 

There  is  one  further  set  of  software  modules  which  is  ex-    |  UTILITIES  | 
tremely  important  in  the  world  of  minicomputers,  but  less  im- 
portant in  the   world   of  microcomputers;   these  are   Utility  and   Input/Output 
routines. 


There  are  a  number  of  programming. procedures  which  virtually'  SUBROUTINE 
every  microcomputer  application  is  going  to  encounter,  these  in-  LIBRARY 
elude  routines  to  move  data  around  memory,  to  transfer  data  bet- 
ween memory  and  external  devices,  or  to  perform  arithmetic  operations  In  the  world  of 
minicomputers,  such  programs  are  bundled  up  as  a-  package  so  that  a.  minicomputer 
programmer  never  has  to  write  programs  to  perform  such  basic  operations  Instead,  a 
minicomputer  program  will  simply  call  subroutines  out  of  a  subroutine  library  in  order 
to  perform  standard  operations 

Is  the  same  idea  feasible  in  the  world  of  microcomputers?  Unfortunately,  not  always. 

The  concept  of  an  I/O  subroutine  library  is  doubtful;  since  from  one  application  to  the 
next,  you  cannot  even  be  sure  that  I/O  will  be  implemented  in  the  same  way,  let  alone 
that  externa!  devices  will  be  similar  enough  to  allow  any  form  of  general  purpose  pro- 
gram to  control  input/output  operations  Remember  that  we  are  no  longer  dealing  with 
a  CPU  that  interfaces  with  standard  peripheral  devices,  such  as  disk,  line  printer,  card 
reader,  etc;  we  are  dealing  with  a  microcomputer  that  is  connected  to  various  and  sun- 
dry discrete  logic  systems 

Even  such  routine  operations  as  multibyte  arithmetic  frequently  cannot  be  standar- 
dized One  microcomputer  system  may  have  a  total  of  512  bytes  of  memory,  another 
may  have  4096  bytes  of  memory  in  each  case,  saving  bytes  will  be  ex/tremely  impor- 
tant Any  type  of  generalized  program  will  be  unacceptable  if  generality,  is  bought  at 
the  price  of  extra  memory  bytes.  An  application  that  will  never  require  more  than  16 
binary  digit  numbers  cannot  efficiently  use  a  multibyte  addition  subroutine  which  has 
been  written  to  handle  multibyte  numbers  of  indefinite  length  The  fact  that  someone 
else  has  already  written  that  very  general  purpose  multibyte  addition  program  will  not 
prevent  you  from  rewriting  your  own  addition  program  to  serve  your  very  limited 
needs  —  and  nothing  more  Your  highly  specialized  addition  program  may  only  require 
half  as  much  memory  and  in  a  product  that  may  be  reproduced  thousands  of  times. 

A  microcomputer  program  written  making  libera!  use  of  subroutines  out  of  a  library 
may  well  finish  up  using  twice  as  much  memory  as  a  program  written  to  meet  the  im- 
mediate needs  of  a  single  application  Suppose  writing  your  own  program  allows  you  to 
reduce  program  memory  from  2K  bytes  to  1K  bytes  of  ROM  Realistically,  your  pro- 
gramming expenses  may  be  increased  $3,000  or  $4,000  because  you  did  not  use 
an  existing  subroutine  library  {presuming  that  such  a  library  exists).  However, 
your  product  does  not  have  to  have  a  very  large  volume  before  the  extra  program- 
ming expense  becomes  trivial  compared.  to,  the  money  spent  on  extra  memory 
devices,  larger  PC  cards,  more  power  supply  and  higher  assembly  expenses. 

The  very  same  argument  determines  whether  you  will  write  your  source  programs 
in  assembly  language  or,  in  a  higher  level  language.  A  higher  level  language  will 
result  in  object  programs  that  are  anywhere  from  1  4  to  2  times  as  long  as  the  object 
program  would  have  been  had  the.  source  program  been  written  in  assembly  language. 
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On  the  other  hand,  it  will  probably  take  twice  as  long  to  develop  programs  in  assembly 
language  as  it  would  to  develop  the  same  programs  in  a  higher  level  language  You 
may  have  to  deduct  from  the  time  saved,  time  your  programmers  spend  learning  a  new 
language.  In  any  event;  it  is  clear  that  for  very  low  volume  systems,  programming  in  a 
higher  level  language  has  always  got  to  be  more  economical  In  high  volume  systems, 
programming  in  assembly  language  has  always  got  to  be  more  economical  and,  de- 
pending upon  individual  circumstances,  it  becomes  a  tossup  at  some  intermediate 
level. 

AN  ECONOMIC  EXAMPLE 

We  will  now  give  substance  to  the  discussion  of  microcomputer  development 
economics  by  looking  at  some  hypothetical  but  realistic  numbers.  Table  211  lists 
possible  numbers  for  three  different  microcomputers  If  we  assume  that  fixed  costs  con- 
sist of  programming  expense  and  product  development  expense  only,  while  variable 
costs  consist  of  CPU  and  support  device  costs  only,  then  Table  21-2  shows  how  unit 
costs  will  vary  as  a  function  of  product  volume 

Observe  from  Table  21-2  that  at  very  low  volume,  higher  language  program 
development  is  less  expensive.  If  you  are  building  more  than  a  thousand  units,  on 
the  other  hand,  in  almost  every  case  it  will  be  cheaper  to  use  assembly  language 
programming. 

Costs  associated  with  products  A,  B  and  C  have  been  purposely  skewed  to  demonstrate 
the  impact  of  fixed  and  variable  costs  Notice  that  product  C,  having  lower  fixed  costs, 
generates  the  smallest  unit  price  at  low  volume  even  though  the  cost  of  the  microcom- 
puter devices  themselves  is  high 

The  problem  with  Table  21-2  is  that  it  oversimplifies  the  factors  which  influence  even- 
tual unit  price  You  should  look  at  Table  2 1  -2  as  an  illustration  of  general  price  versus 
volume  relationships  and  nothing  more 


Table  21-1  ■  Some  Typical  Microcomputer  Based  Product 
And  Development  Costs 


SOURCE  OF  EXPENSE 

MICROCOMPUTER  SELECTED 

PRODUCT  A 

PRODUCT  B 

PRODUCT  C 

Microcomputer  CPU,  plus  support  devices 
and  logic  ($/unit) 

63 

78 

91 

Cost  of  extra  memory  if  programs  are  written 
in  higher  level  language  ($/unit) 

10 

8 

3 

Cost  of  writing  programs  ($  total) 

a)  In  assembly  language 

b)  In  higher  level  language 

8000 
5500 

7500 
5000 

6500 
3000 

Cost  of  developing  prototype  {$  total) 

42000 

40000 

40000 
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fable  21-2 

Unit  Prices 

For  Microcomputer  Based  Products 

VOLUME 

UNIT  PRICE  {$) 

PRODUCT  A 
ASSEMBLY 

PRODUCT  A 
HIGHER 

PRODUCT  B 
ASSEMBLY 

PRODUCT  B 
HIGHER 

PRODUCT  C 
ASSEMBLY 

PRODUCT  C 
HIGHER 

100 

500 

1000 

5000 

10000 

563  00 

163  00 

113  00 

73  00 

68  00 

548  00 

168  00 

120  50 

82  50 

77  75 

553  00 

173  00 

125  30 

87  50 

82  75 

53600 

176  00 

131  00 

95  00 

90  95 

55600 
184  00 
137  50 
100  30 
95  65 

524.00 
180  00 
137  00 
102  60 
98.30 

Assembly  =■-  Assembly  language  programming 
Higher  =  Higher  level  language  programming 

A  LOOK  AT  THE  FUTURE 

Let  us  take  a  moment  to  gaze  in  a  crystal  ball. 

What  types  of  microcomputer  product  can  we  expect  to  see  in  the  future,  and 
what  impact  will  they  have  on  the  minicomputer  market? 

If  there  is  one  key  aspect  of  microcomputer  design  which  was  not  immediately 
apparent  but  is  becoming  more  apparent  every  day,  it  is  that  the  way  logic  is  dis- 
tributed among  various  devices  of  a  microcomputer  chip  set  is  fundamentally  the 
most  important  feature  of  any  microcomputer  product.  Assembly  language  instruc- 
tion sets,  addressing  modes  and  even  instruction  execution  times  are  all  of  secondary 
importance  in  that  they  become  inconsequential  providing  they  meet  modest  criteria  of 
sufficiency  The  logic  designer  using  microcomputers  is  likely  to  be  far  more  influenced 
by  control  signals  on  the  system  bus  and  by  the  number  of  devices  he  has  to  work  with. 
rather  than  by  the  complexity  of  the  instruction  set  or  its  addressing  modes  And  this 
we  believe  is  the  key  to  a  future  drift  into  two  types  of  microcomputer  product  the 
logic  device  and  the  computer 

If  there  will  be  a  branch  of  the  microcomputer  industry  which  builds  minicomputer 
look-alikes,  what  impact  will  this  have  on  the  microcomputer  industry?  In  truth,  most 
manufacturers  of  computers,  mini  or  larger  are  already  scrambling  to  build  their  central 
processing  units  and  support  logic  out  of  large  scale  integration  devices,  therefore,  we 
may  conclude  that  within  ten  years  every  computer  will  be  a  microcomputer  in  that  ev- 
ery computer-will  be  built  out  of  large  scale  integrated  logic  This  does  not  mean  that 
the  microcomputer  manufacturers  of  today  will  overwhelm  the  minicomputer  and  large 
computer  manufacturers  of  yesterday  This  is  because  programming  expenses  con- 
stitute an  already  expended  front  end  fixed  cost  for  most  users  of  minicomputers  and 
larger  computers,  the  hardware  savings  that  might  be  gained  by  switching  from  a 
minicomputer  to  a  microcomputer  are  simply  insignificant  when  compared  to 
reprogramming  expenses 

■Therefore,  those  minicomputer  manufacturers  who  can  defend  their  current  sales  with 
existing  software  are  likely  to  be  impacted  very  little  by  microcomputers  Those 
minicomputer  manufacturers  who  are  essentially  selling  components  are  likely  to  be 
eliminated  from  the  component  market  entirely,  unless  they  are  able  to  scale  down  their 
minicomputers  into  microcomputers  and -survive  as  component  suppliers  at  the  new 
microcomputer  price  levels  It  is  this  reduction  in  prices  that  opens  a  window  for  new 
products  such  as  the  National  Semiconductor  and  Signetic^  •n'^o-wT^i.iters  to  attack 
markets   that   look   characteristically   like   minicompiu*-.-."   --• » . i r I-  -.-;■;    ~ :  '   /•   markets 

which  were  suited   to  minicomputer-type  products,   r>>r    :=■••   ;■■>•■■■  p'-ist  jould  not  use 
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minicomputers  because  of  pricing  considerations  Now  that  minicomputer-likp  devices 
are  available  for  a  few  hundred  dollars,  a  large  number  of  new  markets  open  up  none  of 
which  have  used  minicomputers  before  and  none  of  which  have  invested  in  the  front 
end  program  development  fixed  costs;  the  new  markets  are  therefore  equally  likely 
candidates  for  the  old  minicomputer  manufacturer's  product  or  the  new  microcomputer 
manufacturer's  product  This  pseudo-minicomputer  buyer  will  be  interested  in  buying  a 
great  deal  of  support  in  addition  to  hardware  and  will  not  be  quite  so  influenced  by 
small  dollar  differences  going  from  one  product  to  another 

It  is  in  the  area  of  discrete  logic  replacement  that  we  may  expect  to  see  the  greatest 
volatility  among  microcomputer  manufacturers  The  microcomputer  user  in  this  market 
will  usually  be  buying  in  huge  volumes  with  very  little  front  end  programming  expense 
therefore,  this  user  has  a  much  greater  incentive  to  switch  from  one  microcomputer  to 
another,  based  solely  on  pricing  considerations  T-his  being  the  case,  the  logic  device 
replacement  market  is  the  one  which  will  be  hardest  for  established  microcomputer 
manufacturers  to  defend,  and  the  most  attractive  to  latecomers  into  the  field 
It  is  quite  probable  that  a  microcomputer  manufacturer  who  has  not  established  a 
market  for  minicomputer-like  devices  within  the  next  two  or  three  years  will  have  no 
further  opportunity  to  do  so,  however  interesting  the  products  he  designs  No  such  win- 
dow exists  in  the  logic  replacement  market  where  ten  years  from  now  a  manufacturer 
who  is  able  to  sell  microcomputer  devices  for  10c  each  where  the  going  rate  has  been 
25c  each,  will  be  able  to  establish  himself 

In  conclusion,  we  predict  that  microcomputer  devices  will  separate  into  minicom- 
puter look-alike  and  logic  device  replacements.  The  minicomputer  look-alike 
market  will  become  increasingly  harder  to  break  into  and  will  stabilize  fairly 
quickly.  The  logic  device  replacement  market  will  continue  to  spawn  products 
that  look  nothing  like  minicomputers  and  will  continue  to  be  extremely  volatile 
until  prices  have  been  driven  so  low  that  there  is  simply  no  room  left  for  further 
economies. 

(We  have  not  changed  a  word  of  this  prediction  from  the  first  edition.) 
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